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INTRODUCTION 
This report is one in a continuing series on environmental 
quality in ~he Anclote estuary near Tarpon Springs, Florida. Much 
of the base line ecological data now collected will be outlined here 
and in subsequent works. Full scale power plant operations are 
scheduled to commence during the summer of 1974 after which time 
documentation of the nature and degree of environmental impact by 
the power plant will begin. 
Dredging operations were completed this summer and fall for the 
cooling water intake-outfall channels and much of the research effort 
involved an assessment of the immediate effects of these operations. 
Unfortunately maintenance dredging and deepening of the present Anclote 
River channel by the Army Corps of Engineers at about the same time 
made this difficult. Results do indicate that controlled dredging 
with silt curtains appears effective under certain conditions and 
that in all cases is probably better than unrestricted dredging. 
In anticipation of the. commencement of power plant operations a 
detailed monthly synoptic survey program has been initiated. These 
data will be used to document the basic hydrography of the area in-
cluding changes from circulation through the cooling and dilution 
system after commencement of plant operations. 
1 
A. PHYSICAL 
K. L. Carder 
P. J. Behrens 
S. L. Palmer 
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INTRODUCTION 
The research emphasis of the physical group during 1973 include d 
three .basic categories: measurement and effects upon the euphoti c 
zone of suspended particles in the Anclote Anchorage due to dredging; 
measurement of baseline (preplant) hydrographic data; and conversion 
of existing hydrodynamic and diffusion models from the explicit to 
the implicit mode in order to treat longer-term effects without in-
creasing computer costs to exorbitant levels. The dredging operations 
conducted by Florida Power Corporation were required for the excavation 
of intake and discharge channels for condenser cooling water, and 
are discussed further in Section B. 
One of the possible deleterious effects of dredging on a body of 
water is the shoaling of the euphotic zone due to increased concentra-
tions of suspended particulate matter. The prediction of changes in 
the light field, especially the bottom irradiance levels, is extremely 
complex, involving light-scattering theory (Hie, 1908) and radiative 
transfer equations. Unfortunately such models are dependent upon 
the distribution of index of refraction of suspended particles, which 
is highly variable in an estuarine environment and is generally un-
known. 
Our approach was to measure the submarine vector irradiance before, 
during and after dredging, and at the same time to measure other sus pend-
ed particle properties simultaneously. These included measurements of 
3 
particle size distribution and lightscattering. Other groups measured 
suspended particulate matter, particulate organic matter and beam 
transmissometry. These data were used to measure the effect of dredg-
ing on the depth of the euphotic zone in order to indicate whether 
in certain portions of the estuary the benthic flora were light-
limited. Shortly before dredging commenced the light-scattering photo-
rneter malfunctioned, so no light-scattering data are presented in 
this report. 
MATERIALS AND METHODS 
Field trips were made before, during and after dredging in order 
to ascertain the light levels reaching the bottom relative to the 
surface values. The size distribution and volume concentration of 
suspended particles in the water column were also measured. Gener-
ally near-surface samples were taken using a 1.7 liter Niskin bottle in 
three different estuarine locations prior to commencement of dredging. 
These were near the future discharge channel (over the grass beds), in the 
deeper regions of the anchorage near Marker #3, and at the mouth of the 
river near where the intake channel was to be dredged (see Figure lA) .• 
These samples provided general background data on different regions of the 
estuary under a variety of environmental conditions. During dredging opera-
tions additional stations were added near the dredge itself usually with 
one station upstream and several stations downstream from the dredge. 
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These stations appear in Figure lA also. After dredging operations ceased 
the measurement program continued in order to determine whether sig-
nificant residual effects remained with respect to the suspended particles. 
At each station submarine irradiance measurements were taken at 
one-foot intervals of depth using a TSK submarine irradiance meter with 
broad band spectral sensitivity, centered in the green. These readings 
were converted into values of ~ttenuation lenqth (E) and % surface 
irradiance in order to evaluate the diffuse attenuation of the warpr column 
and its effect upon bottom irradiance. Attenuation length is often used 
as a water clarity indicator and is defined as the length of water column 
required to reduce the vector irradiance by a factor of e- l . Values of % 
surface irradiance are used to measure the effect of the clarity of the 
entire water column on the light levels found at the bottom. Often values 
of 1% are considered to be the euphotic depth (Strickland, 1958) and the 
effect of water depth is included in such a measurement. 
The samples were drawn into clean (polyethylene) bottles, placed in 
an ice chest for transport home, and refrigerated until they could be 
processed, usually within one day. The particle size distributions of all 
of the samples were measured using a Model T Coulter Counter after dilution 
by Isoton to insure that significant coincidence did not occur. The 
techniques used were similar to those mentioned by Sheldon and Parsons 
(1967) except that due to the periodically large quantities of biogenous 
detritus (sea grass leaves, epiphytes, etc.) present in the estuary, the 
samples were strained through a 45 ~ mesh-size sieve. The aperture size 
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of the Coulter Counter was 100 ~m, permitting particles of sizes 2 ~m 
to 40 ~m spherical equivalent diameter to be measured. The truncation 
of the distributions due to the sieving might be expected to result 
in a decrease in its correlation with the suspended particulate matter 
(SPM) and:light attenuation measurements, but most of the dredged 
particles remaining in the water column for any significant period 
of time will generally be silt and clay-sized for which the size range 
selected is most suitable. 
RESULTS AND DISCUSSION 
Dredging Effects 
In order to investigate the gross effects of dredging on water 
clarity, attenuation length (E) and total particulate volume (TPV) 
are plotted against time in Figures 2A,3A,4A and SA for selected 
stations near each of four regions: Bailey's Bluff, discharge channel, 
Marker #3 and the river mouth. The dredging began at the intake canal 
(river mouth) on 6/12/73 (outside the bulkhead line) and was completed 
on 6/26/73. Dredging began in the discharge channel on 7/26/73 and 
terminated 9/27/73. The U.S. Corps of Engineers were dredging the 
Anclote River channel from 6/9/73 to 10/5/73 creating a spoil island 
as shown in Figure 6A. 
The effect of intake dredging is quite apparent at the river 
mouth (Figure SA) in late June and early July after which time recovery 
from active dredging by FPC was observed. The effect on the grass flats 
near Bailey's Bluff due to dredging the discharge channel (Figure 2A) 
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was most apparent in late August when the dredge had worked its way close 
to shore. Reasonable recovery of water clarity in this region had been 
achieved by October. The impact of the FPC dredging was most pronounced 
(at least for our field days) at the discharge channel of 8/13 (Figure 3A) 
where the attenuation length dropped to less than 1 m and the TPV increas-
ed to 6(~m)3/cc. 
It is interesting to note at Marker #3 (Figure 4A) that on October 1 
values of both TPV and E increased. Winter storms in late November and 
early December reduced water clarity in nearly all regions, while TPV also 
was decreased. These findings are inconsistent with the usual concept 
that a decrease in suspended particle concentration results in increased 
water clarity. To further investigate this inconsistency, Figures 7A and 
8A are presented to show the cummulative size distributions at the dis-
charge channel and Marker #3, respectively. Each diagram shows the number 
of particles/cc larger than a given diameter for the sample days 6/15, 
8/22 and 10/1. Figure 7A exhibits a very marked increase in the small-
sized particles (silts and clays) for 8/22 when the dredge was operating 
nearby. While such a marked increase is not manifest at Marker #3 (Figure 
8A), it also has relatively more small particles than large ones. On 10/1 
there were fewer small particles but more large ones than on 8/22 result-
ing in an increase in total particulate volume as shown in Figure 7A. 
These large particles must have been primarily organic in nature for their 
effective scattering (a function of their surface area and index of 
refraction) for a given diameter was gen~ally significantly less than 
that of inorganic particles of a similar size. Thus, although the total 
particulate volume at Marker #3 was greater on 10/1 than on 8/22, the com-
position 0f the suspended particle assemblages had apparently changed from 
being inorganically to organically dominated due to termination of local 
dredging, resulting in a water column of greater clarity. Phytoplankton 
blooms were very prevalent in the fall of 1973 (Roger Johansson, personal 
communication), explaining the source of the organic particles apparent 
on 10/1. This process was reversed in December when productivity was 
low and wave energy was high, resulting in decreased total particulate 
volume and increased light attenuation. 
Figure 9A shows the effect of the dredging apron upon the suspended 
particle concentrations. The apron surrounded the dredge and extended 
to the bottom in the shallow regions. Its effect was to reduce the ad-
vective transport of material away from the dredging operation by about 
a factor of two. 
The effect of the suspended particulate matter on the solar irradiance 
levels found at the bottom relative to the surface (0.5' below the 
surface) is presented as % transmission values in Figures 10A,11A and l2A. 
These values are averages of all measurements taken before, during, and 
after dredging and include the effect of a variable water column depth. 
They represent the relative amount of surface irradiance reaching the._ 
grass beds. Care was taken to prevent shading of the photometer by 
either the boat or the grass blades. Since at no time were the light 
levels reduced below 10% of their surface values, photosynthesis was 
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probably reduced, but remained well above compensation depth levels 
(generally considered to be about 1% of surface irradiance). The 
implication is then that while dredging reduced the levels of photo-
synthesis near the dredge, death of seagrass could not have occurred 
due simply to euphotic zone shoaling. 
Hydrographic Data 
Measurements of temperature, salinity, and water velocity were 
continued to provide background hydrographic data prior to commence-
ment of power generation operations. These data also represent input 
information for circulation and diffusion models of the Anclote 
Anchorage. Especially of interest were measurements of the net long-
shore currents as these have an important effect on the net dispersion 
of plant effluent. In Baird, et al. (1973) we showed the importance 
of winds on the net longshore currents, and such studies were expanded 
during 1973. 
A two-day salinity-temperature versus depth survey began at 1210 on 
7/16/73 and was concluded at 0820 on 7/17/73. A capsulization of the 
meteorological and tidal conditions is listed in Table lA. 
9 
TABLE IA 
Tidal and meteorological data 
Date Time High Low Wind Speed Wind Direction 
7/16/73 0204 3.2' 0-7 mph variable 
0705 1. 7' " " 
1302 3.9' " " 
2027 0.1 ' " " 
7/17/73 0227 3.3' " " 
0736 1.6' " " 
1335 3.9' " " 
(Tidal heights were provided by the Predicted Tide Tables for Anclote 
Key, NOAA) 
The horizontar distributions of salinity and temperature at high 
water were obtained from 1210 to 1345 hours on 7/16/73 and are displayed 
in Figures l3A, l4A, l5A and l6A for surface and four-foot samples. As 
was apparent in earlier surveys (Humm, et aI, 1971; Baird, et al., 1972, 
and 1973) the cool, saline water from the gulf flows around Anclote Key 
during flood tide, manifesting itself in two fingers of gulf water in-
truding into Anclote Anchorage at high water. This trend is most appar-
ent in the four-foot data (Figures l5A and l6A). A lens of lower salin-
ity water is found west of Bailey's Bluff which, based upon earlier 
surveys, is residual river effluent discharged during the previous ebb 
and early flood tide. The surface salinity values show less distin-
ctly the gulf water intrusion since wind is more effective in distorting 
the tidally driven circulation patterns at the surface/and the higher 
gulf water densities force it below the less saline surface waters of 
river origin. The temperature patterns (Figures l4A and l6A) indicate 
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significant solar heating in the shallows with the gulf water and deeper 
portions of the river and anchorage remaining cooler. The high temp-
eratures near Dutchman's Key can be explained by a combination of the 
shallow water and eddying circulation patterns discussed in Baird, 
et al. (1972). 
The horizontal distribution patterns of temperature and salinity 
found the following morning at low tide are presented in Figures lryA, 
18A,19A and 20A. Of immediate interest are the low temperatures and 
high salinities found next to Dutchman's Key. This again is the shallow, 
eddying region, and apparently significant evaporative cooling occurred 
during the previous night producing a cooler, more saline water type. 
It is more saline than any other water found on either surve y day ill1d 
suggests that evaporative cooling in the shallows is an important factor 
contributing to the abnormally high salinities found along the west 
coast of Florida in the summer of 1973. Decreased fresh water discharge 
and lower Florida aquifer levels also contributed to this phenomenon, 
as rainfall levels for June and July were only 56% of normal for the 
Tampa Bay area (see below). 
It is difficult to appreciate the effect evaporation has on the 
salinity field in shallow regions of variable depth, especially when 
faced with the wide assortment of formulae applicable to the subject 
(eg. Calloway, 1969). In order to provide some qualitative insight into 
the magnitude of the near-shore effects of evaporation, a simplified 
evaporation model is presented: 
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Ass umptions : 
1. Steady state summer water temperatures have been achieved (eg. 
mean diurnal heating = mean diurnal cooling). 
2. No advection or mixing occurs among water from differing depths. 
3. Net incoming radiation per day is 500 to 600 Langleys.l 
4. Evaporation provides 90% of the cooling effect, since back 
radiation is contained in the net incoming radiation term 
(i.e., l/Bowen Ration:.90). 
5. Latent heat of vaporization (@ 30°C is 579 gm. cal/cc.) 
Assumption 1 states that the heat lost equals heat gained daily. 
Assumptions 3 and 4 imply that from 450 to 560 Langleys per day are lost 
to evaporation. Assumption 4 implies that the wet and dry bulb temp-
eratures, atmospheric pressure, and water temperature are constant in time 
and space and represent diurnal averages. Assuming various water column 
depths, a table of water lost due to evaporative cooling can be generated. 
TABLE IIA 
Salinity gained per day assuming 
a base salinity of 36 0/00 
Net Radiation l' 2' 3' 6' 
500 Langley's/day .918 .459 .306 .153 
(0.777 cm H2O/day lost) 
600 Langley's/day 1.098 .549 .366 .183 
(0.932 cm H2O/day 
lost) 
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Although this model is greatly simplified compared with Calloway 
(1969) and does not provide for diurnal variations, it does provide con-
siderable insight into the effects of evaporative cooling. Since solar 
heating manifests itself in water temperature gradients inversely pro-
portional to bathymetric gradients, assumption 4 provides evaporation 
values which are erroneously low for the shallows and erroneously high 
for the deeper water due to the fact that an average value for the Bowen 
Ratio was used. Thus the real world salinity gradients due to variable 
bathymetry would be greater than predicted by this model. Table IIA 
clearly demonstrates that shallow, rather stagnant regions such as near 
Dutchman's Key can be significantly more saline than the deeper regions 
until advection and mixing occurs. 
Local climatological data for Tampa, Florida2 indicate that Tampa 
Bay area rainfall was nearly 7 inches below normal for June and July, 
1973. 
1. Based upon solar radiation for Miami, Fla. in August (Young, et al., 
1971) and Crystal River, Fla. (Unpublished data by Marine Science 
Dept., U.S.F.). 
2. U.S. Dept. of Commerce, NOAA, Environmental Data Service. 
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This was only 56% of the rainfall expected for these months in a 
normal year, so runoff was probably less than 56% that of a normal year. 
With daily water loss due to evaporation ranging from 0.777 cm to 
0.932 cm. and abnormally low land runoff, it is not surprising that 
salinities surpassed 36 0/00 in the shallows of Anclote Ancho~age " 
This low runoff allowed gulf type salinities to be found in the Anclote 
River even above Tarpon Springs. 
When rainfall approaches normal wet season levels as in August, 1973, 
the salinities in the Anclote Anchorage respond accordingly as shown in 
Figures 21A, 23A, 25A and 27A for low and high water on Aug. 7 and 9. 
Corresponding temperature contours are found in Figures 22A, 24A, 26A 
and 28A. Meteorological and tidal conditions are shown in Table IlIA. 
The deeper portions of the anchorage had the higher salinities indicative 
of gulf water intrusion. The fresher water from the Anclote River and 
Bailey's Bluff region provided the shallows with low salinity water, 
masking any evaporation effects. The shallows near Dutchman's Key were 
warmer in the afternoon (Aug. 7) and cooler in the early morning (Aug. 9) 
than the deeper portions of the anchorage, again indicative of the local 
effects of solar heating/evaporative cooling on shallow regions of 
variable bathymetry. 
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TABLE IlIA 
Tidal and meteorological data 
Date Time High Low Wind Spd. Wind Direction 
8/7/73 0621 3.4' 
1411 1.0' light variable 
2148 2.5' 
(Survey ran from 1315 to 1415 hours) 
8/9/73 0300 2.4' 
0904 3.4' 5-8mph North 
1633 0.6' 
(Survey ran from 0809 to 0945 hours. ) 
In order to ascertain the magnitude of wind-driven long-shore 
currents relative to tidally driven currents, current surveys were per-
formed during the following periods: March 30-April 2; Aug. 7-13; and 
Dec. 5-12, 1973. The locations of the meters for each survey are shown 
in Figure 6A, and the results appear in Table IVA. In order to eliminate 
most of the tidal effects from the longshore current records, they 
were averaged over 24 hours. The velocity vectors were broken into their 
longshore (N-S) and onshore (E-W) components with north and east components 
indicated by positive (+) values, and the south and west components re-
presented by negative (-) values. The numbers listed represent daily 
current sp~ed averages generated from hourly current records. 
The current records indicate that on the average the long-shore 
and onshore currents are coherent with the wind direction and at times 
can be quite signigicant (15 em/sec) in magnitude. Due to the shallowness 
of the Anclote Anchorage and the nearshore regions of the west Florida 
shelf in general, wind-driven circulation is the major factor driving 
15 
north/south flow. In predicting the effects of longshore currents 
upon the position of the future thermal plume, wind data is at a premium , 
so the need for a meteorological station at Anclote is apparent. 
CONCLUSIONS 
The major result of our turbidity and solar irradiance measurement 
program was that due partly to the shoalness of the grass beds, the light 
levels at the bottom never approached compensation values (eg. 1% of 
surface irradiance). The lowest bottom irradiance values obtained rel-
ative to surface values were 10% near the -Florida Power dredge and 6% near 
the Corps of Engineer's dredge. The corresponding attenuation lengths 
were 0.92 meters and 0.66 meters, respectively. Consequently, the effect 
of shoaling of the euphotic zone associated with dredging by Florida 
Power at Anclote, while probably reducing primary productivity, was not 
significant enough to have seriously harmed the sea grass community. 
The baseline temperature and salinity measurement program was con-
tinued, with the major variation compared with earlier data being found in the 
extremely high salinity values m.easured in July. · These were attributed to 
evaporation in the shallows and abnormally low rainfall. 
Longshore currents were measured and found to be coherent with the 
local winds when averaged over two tidal cycles. Diurnal current averages 
as high as 15 cm/sec were found in the anchorage when sustained winds of 
up to 18 kts. were blowing. A meteorological station with wind velocity is 
sorely needed for accurate predictions of wind effects on the thermal plume 
location. 
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TABLE IV-A 
N-S Ave E-W Ave 
Date Unit Location em/sec em/sec Wind 
3/31 Between 3/30 from S-SW 13-14 mph 
4/1 E Howard Pk +15.9 - 1. 3 
4/2 & Mk.#38 .84 + 4.5 3/31-4/1 S-SW 16-18 mph 
3/30 Mk.#4 
3/31 D North of + 1.2 + 3.2 4/2 S-SW 5-8 mph 
4/1 Anc10te Key + 3.3 + .5 
4/2 - 2.9 + .24 
3/31 Mk. #36 
4/1 A South of + 6.1 - 1.2 
4/2 Key - 1.0 + 2.8 
3/30 
3/31 C Mk.#l + 6.6 + 1. 8 
4/1 N.E. of + 5.9 + 1. 3 
4/2 Key + .1 - 1.1 
8/9 8/7-10 winds variable 
8/10 A N-NE - 4.8 + 2.3 3-5 mph 
8/11 of Anc10te .8 + 4.5 
8/12 Key - 2.8 + 4.1 8/11 Thunderstorm 
acti vi ty - winds 
8/7 10-15 mph in gusts 
8/8 - 7.4 + 1. 2 from N.W. 
8/9 C Mk. #38 - 7.9 + 2.4 8/12 winds N-NW 
8/10 South of - 5.8 + 4.5 5-10 mph 
8/11 Key - 2.0 + 1.8 
8/12 - 2.2 + 1.5 
12/5 
12/6 Mk. #4 - 5.2 - 2.5 12/6 winds 8-9 mph 
12/7 North of - 2.5 + 8.6 from the N-NE 
12/8 Key - 2.7 + 8.0 12/7 winds 12-13 mph 
12/9 - 1.0 + 1. 7 from the N-NE 
12/8 winds 9-10 mph 
from the N 
12/9 winds 7-8 mph 
from the N-NW 
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PHYSICAL SYNOPTIC SURVEY 
As agreed in the 1973-74 Anclote contract monthly synoptic 
surveys in the area of the Anclote power plant have been initiated. 
Ten recording therrnographs, ten current meters and three tide gauges 
are placed at stations once a month for 48 hours continuous measure-
ments. During this time water quality measurements are also made 
over one tidal cycle. Samples are collected every three hours over 
a twelve hour period at 11 stations. Station locations and para-
meters measured are given in Figure 29A. The following data are being 
obtained from these measurements. 
1. Water .temperature 
2. Current direction and velocity 
3. Tidal fluctuation 
4. Salinity 
5. Total organic and inorganic particulate 
6. Turbidity 
7. Total irradiance at surface and bottom of water column 
8. Dissolved nutrients - N0 3-N, N02-N, N~3-N, P04-P, Si02-Si. 
Total Kjeldahl nitrogen, and total phosphorus. 
9. Dissolved organic and inorganic carbon 
10. Water color 
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These data will be used to document the basic hydrography of 
the Anclote Anchorage especially the intake and outfall areas of 
the power plant and to further refine calibration of the existing 
numerical circulation and diffusion models. These monthly surveys 
were not started until December, 1973 due to the back order of 
equipment. They will continue until December 1974, giving us 
hydrography data before, during and after plant start-up which 
is projected for June, 1974. 
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I. Observations of Dredging and Turbidity in Anclote Anchorage 
INTRODUCTION 
During 1973 two independent, partially simultaneous dredging 
operations were conducted in the Anclote area. Florida Power 
Corporation (FPC) completed construction of a cooling water intake 
channel by means of dredging (outside the bulkhead line) at 
the mouth of the Anclote River (Fig. lB, siteA) . This dredging 
commenced June 12, 1973 and was completed June 26, 1973. A 
bulkhead-line dike, which separated the upland section of the 
channel from the Anclote River, was removed between October 6 
and 13, 1973. Dredging of a cooling water discharge channel in 
Anclote Anchorage (Fig. lB, site B) was conducted in two stages 
between July 26 and September 12, 1973 and between September 17 
and 27, 1973. The bulkhead-line dike was removed between September 
12 and 17, 1973. Two other dikes along the upland section of 
this channel were removed from September 28 to 29 and from 
October 1 to 5, 1973~ The second project was maintenance dredging 
of the Anclote River navigation channel sponsored by the U. S. 
Army Corps of Engineers(COE). It commenced at the western end of 
the channel (Fig.IB, site C) on August 8 or 9, 1973 and proceeded 
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FIGURE 1B Sites of dredging operations discussed in the text. 
© 
@ 
upstream to Tarpon Springs. 
Spoil from the FPC dredging was deposited upland in diked 
containment ponds and settling basins. Spoil from the COE main-
tenance dredging was deposited at a number of sites along the 
channel including a new, undiked spoil island (Fig. lB, site D). 
Certain efforts were made by both projects, in varying degrees, 
to reduce the spread of turbid waters by means of silt curtains. 
AERIAL OBSERVATIONS OF SILT CURTAIN EFFECTIVENESS 
During a flight from 1600 to 1715 EDT, June 22, 1973 our 
first observations of silt curtain effectiveness in a tidal 
waterway were made. The FPC-sponsored dredging at site A was 
underway at a time of flooding tide. Our observations and 
photographs indicate that the silt curtains had little or no 
, effect (Figure 2B) as a plume of turbid water was seen to 
extend uninterrupted from the dredge to the curtain and upstream 
for several hundred meters. 
During a morning flight on August 9,1973 (0830-1000 EDT), 
which was intended to observe FPC's dredging of the discharge 
channel (site B), we came upon the previously unannounced Corps 
of Engineers maintenance dredging of Anclote River at site C. 
A silt curtain was not employed around this dredge. Some of the 
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resulting effects upon turbidity in Anclote Anchorage are shown 
in Figure 3B. Sediments dredged from this section of the river 
were being deposited south of the channel to produce an undiked 
spoil island (site D). A silt curtain had been placed around 
this island but its effectiveness seemed limited on the day 
of observation (Figure 4B). 
During the same flight on August 9, the FPC dredging at 
the seaward end of the discharge channel (site B) was also 
observed. While this operation was not free of problems, it 
appeared, at the time of observation, to indicate a significant 
improvement over previous dredging practices. Figure 5B shows 
some leakage of turbid water around the silt curtain and at 
least one leak in the floating pipeline (near the point at 
which it joined the submerged pipe delivering spoil to upland 
sites). However, the turbid water is relatively well-contained 
and bottom features (patches of bare sand within seagrass beds) 
can be seen in the lower right portion of the photograph. 
These observations indicate that silt curtains may be rather 
effective under certain conditions and that in all cases they are 
probably better than unrestricted dredging. It is also concluded 
that the dredging practices employed during Corps of Engineers 
maintenance of the Anclote River channel led to highly turbid 
discharges in Anclote Anchorage whose effects cannot be separated 
from any effects due to FPC operations. Because we were not 
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FIGURE 2B. FPC dredging of cooling water intake channel (site A; June 22, 1973). 
Wake of boat in lower left indicates Andote River Channel. Green-colored areas 
indicate turbid water flowing upstream (to right) past silt curtain and also into "Dead 
Fish Pass" at upper left. Blue water in top center is upland portion of intake channel 
separated (at that time) from river by an earthen dam at the bulkhead line. 
FIGURE 3B. Corps of Engineers maintenance dredging of Andote River channel (site 
C; August 9, 1973). Looking SW. Dredge in top center; pipeline and spoil island 
surrounded by silt curtain to left of dredge. 
Aerial Photographs of Turbidity Distributions Adjacent 
to Working Dredges (Infrared Ektachrome film) 
FIGURE 2B. FPC dredging of cooling water intake channel (site A; June 22, 1973). 
Wake of boat in lower left indicates Andote River Channel. Green-colored areas 
indicate turbid water flowing upstream (to right) past silt curtain and also into "Dead 
Fish Pass" at upper left. Blue water in top center is upland portion of intake channel 
separated (at that time) from river by an earthen dam at the bulkhead line. 
FIGURE 3B. Corps of Engineers maintenance dredging of Andote River channel (site 
C; August 9, 1973). Looking SW. Dredge in top center; pipeline and spoil island 
surrounded by silt curtain to left of dredge. 
Aerial Photographs of Turbidity Distributions Adjacent 
to Working Dredges (Infrared Ektachrome film) 
FIGURE 4B. Corps of Engineers project. Looking N at spoil island (site D; August 9, 
1973) and the silt curtain surrounding it. Dredge in background just under wing-tip. 
Andote Key is out of the picture to the left. 
FIGURE SB. FPC dredging of cooling water discharge channel (site B; August 9, 1973). 
Aerial Photographs of Turbidity Distributions Adjacent 
to Working Dredges (Infrared Ektachrome film) 
notified of these Corps of Engineers actions, it is only fortui-
tous that we observed them from the air and were able to label 
the turbidity source instead of attributing the resulting 
siltation affects to FPC operations. 
AREAL SURVEYS OF SURFACE WATER TRANSMISSIVITY 
The biological implications, legal constraints and short-
comings of current turbidity measurements for water quality 
surveys - based on our work at Anclote - have been discussed 
by Mc Carthy et al. (1974). Reprints of this paper will be 
available upon publication. 
Additional surveys of light transmissivity in surface 
waters of the Anclote area are discussed below. Techniques and 
instrumentation have been discussed in previous annual reports. 
June 28, 1973 (1403-1802 EDT) 
Tides: 
L - 0414 EDT 
H - 1015 
L - 1738 
Wind: SW 
FIGURE 6B 
Transmissivity in Anclote Anchorage and the mouth of the 
Anclote River ranged from 52 to 80% T/IO cm. The highest values 
were recorded between markers 3 and 1 in the river channel 
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(70-80% T/IO cm.), at marker A-6 in the northern portion of the 
anchorage (78% T/IO cm.), and west of Bailey's Bluff (79% T/IO cm.). 
The lowest value (52% T/IO cm.) was recorded in the grass 
beds southeast of Dutchman Key. The general trend of the transmis-
sivity contours is due probably to moderate southwesterly winds. 
A foam line was crossed between markers 3 and 1 during the final 
leg of the survey, within which a value of 64% T/IO cm. was 
recorded. This survey was made one day after dredging ceased in 
the Florida Power Corporation intake channel. The generally 
low values probably result from increased turbidity as a result 
of dredging as well as the occurence of plankton blooms in the 
area. 
July 5, 1973 (1136-1613 EDT) 
Tides: 
H - 0422 EDT 
L - 1012 
H - 1619 
Wind: SW (moderate) 
FIGURE 7B 
Transmissivity in Anclote Anchorage and the mouth of the 
Anclote River ranged from 45% to 86% T/IO cm. The highest values 
were recorded west of Bailey's Bluff and the lowest in deep 
water southeast of marker A-6 in the northern part of the Anchorage. 
Surface transmissivity values were essentially uniform in the 
river channel between marker 11 and 39 fluctuating between 
68-70% T/IO em. Lower values (60-65 T/IO cm.) were recorded 
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along the perimeter of the FPC dredge silt-apron which partially 
surrounds the entrance to Dead Fish Pass. (Although the FPC 
dredge was gone, the silt screen was still in place.) 
July 19, 1973 (1130-1516 EDT) Wind: NW (moderate) 
Tides: 
L - 0851 EDT 
H - 1453 
L - 2112 
FIGURE 8B 
Transmissivity values varied form 55% T/10 em., recorded 
due east of Anchorage marker A-3, to 77% T/10 em. noted just 
west of the Radar Station and northward, west of Bailey's Bluff. 
Water appeared visually turbid throughout the greater portion of 
the anchorage probably due to severe ~in storms, which occurred 
on 7/18/73 and intermittently during the previous week. 
Transmissivity readings in the river channel from markers 11 
to 34 ranged from 61% T/10 cm. to 68% T/10 cm., with the 
highest values determined up river between markers 32 and 34. 
The data collected during the final leg of this survey were 
not obtained continuously, but rather spot readings were made 
between Bailey's Bluff and marker A-l at 30 second and 1 minute 
intervals while running the boat at full throttle between 
stations. 
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August 2, 1973 (1104-1432 EDT) 
Tides: 
H - 0302 EDT 
L - 1514 
H - 1514 
L - 2118 
Wind: SW 
FIGURE 9B 
Transmissivity in the Anclote River ranged from 40-73% 
T/IO cm. (corrected dat~ with the highest value recorded at 
marker 23. Values decreased both up river to Alt. 19 Bridge 
(58% T/IO cm.) and out the river channel to marker 2A (40% T/IO cm.) 
from marker 23. %T values in the anchorage, north of the river 
channel, ranged from a high of 67% T/IO cm recorded over the grass 
beds west of the Radar Station, to a low of 34% T/IO cm noticed 
just south of marker A-3. 
In general, transmissivity values increased away from marker 
A-3 in the central portion of the anchorage, toward the margins, 
where %T contours appear to roughly parallel the bathymetry, as 
well as the dominant wind (SW). 
During this survey, the FPC dredge was apparently not working, 
although FPC records show that it was. 
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FIGURE 98 
Transmissometer 
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August 9, 1973 (1309-1622 EDT) 
Tides: 
L - 0300 EDT 
H - 0924 
L - 1633 
Wind: NW 
FIGURE lOB 
Transmissivity values for the eastern portion of N. Anclote 
Anchorage and the Anclote River ranged from a high of 81% T/10 cm 
recorded west of Bailey's Bluff to a low of 19% T/10 cm associated 
with a turbidity plume emanating from the FPC dredge site. The 
plume extended northwestward in opposition to the dominant wind (NW) 
with turbidity decreasing in that direction, and values less than 
30% T/10 cm remaining localized within the vicinity of the dredge 
site. 
In general, transmissivity values increased more rapidly 
northward and westward of the dredge site than they did to the 
south of it. This is probably due to a NW wind superimposed 
on an outgoing tide. 
In the river channel %T values increased steadily from 54% 
at marker 19 to 67% at marker 1. 
Although the C.O.E. dredge was cutting near marker 3, no 
surface turbidity plume was observed during the initial leg of 
this survey as we ran north of the dredge and the tide carried 
the silt southward out of the anchorage. However, aerial shots 
taken early in the day during a flood tide indicate that the 
plume extended both north and south of the river channel. Water 
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samples taken simultaneously with transmissivity data correspond 
with and confirm the data previously discussed. The TSL data 
ranged from 9-43 mg/L with respective inorganic fractions of 59 
and 70%. These data correspond with transmissivity values of 73 
and 19% TllO cm, respectively. 
August 18, 1973 (1126-1534 EDT) 
Tides: 
H - 0250 EDT 
L - 0908 
H - 1528 
L - 2108 
Wind: NW 
FIGURE llB 
Transmissivity values ranged from 66-42% TllO cm for the 
present survey. Values in the river channel generally increased 
up river from a low of 45% TllO em to a high of 66% TllO cm at 
marker 29. The low values (45% TllO em) were associated with a 
narrow plume of visual turbidity just west of channel marker 3 
trending roughly NE-SW for an undetermined distance from the new 
spoil island built by Corps of Engineers dredging. Transmissivity 
values in the anchorage generally increased northwestward with a 
high of 66% TllO em recorded at marker A-6, although relatively 
clear water is indicated by a 60% T contour over the grass beds 
adjacent to Bailey's Bluff. Although the FPC dredge was apparently 
not cutting during this survey, the lowest transmissivity values 
of 42% and 25% TllO cm for surface and bottom water respectively 
were recorded at the dredge site. The narrow band of 45-50% T water 
trending NW-SE and emanating from the dredge site indicates that 
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material is being transported NW during a flood tide and in 
opposition to the dominant wind (NW). The trend of the turbidity 
plume during this survey was the same as the trend on 8/9/73, 
but tides were running opposite, although the wind direction was 
the same on both occasions. The C.O.E. dredge was likewise not 
operating during this survey. 
August 23, 1973 (0946-1437 EDT) 
Tides: 
L - 0043 EDT 
H - 0712 
L - 1521 
H - 2301 
Wind: E-NE 
FIGURE 12B 
Surface transmissivity values in Anclote Anchorage ranged 
from 32% to 81% T/10 ern with the lowest values associated with 
the silt plume from the FPC dredging operation. The highest 
values were recorded at the pile, east of Dutchman Key on the 
western margin of the anchorage. %T values increased steadily 
westward across the anchorage due presumably to an ENE wind 
superimposed on an outgoing tide. The silt plume emanating from 
the FPC dredging site, west of the Radar Station, was marked by 
localized surface and bottom %T values of 33% and 22% T/10 cm, 
respectively, recorded just SW of the silt screen. %T values 
increased westward toward marker A-3 where the lowest value 
recorded was 48% T/10 cm. Aerial photographs taken concurrently 
with this survey support this observation, indicating that visual 
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turbidity extended westward from the FPC dredge site only some 300 
ft. 
Transmissivity in the Anclote River from markers 1 to 19 
ranged from 52 to 60% T/10 em with the highest value recorded 
at marker 18. An initial transect run earlier this day from 
markers 1 to 39 in the river channel recorded %T values that 
were between 7-11% higher than those recorded on the final leg 
of this survey. The %T values decreased from a high of 68% 
at marker 39, to a low of 56% between markers 1 and 3 and then 
increased again to 65% at marker 1. These data were not incor-
porated in the contour plot as they were obtained at high tide 
and were not continuous with the remainder of the survey. The 
river channel data contoured were those recorqed during the 
final leg. Throughout the period covered by this survey, the 
C.O.E. dredge was not working. 
August 30, 1973 (0942-1404 EDT) Wind: ESE 
Tides: 
L - 0043 EDT 
H - 0712 
L - 1522 
H - 2301 
FIGURE 13B 
Transmissivity in the Anclote River and N. Anclote Anchorage 
ranged from 72-19% T/10 em with the highest values recorded in 
the river between markers 3 and 1 and the low values associated 
with the silt plume emanating from the FPC dredging operation 
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FIGURE 13B 
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west of the Radar Station. In general, transmissivity in the 
central portion of the anchorage north of the river channel was 
essentially uniform ranging from 60-65% T/10 cm. Transmissivity 
values were similarly consistent in the river channel from 
marker 11 to 41 averaging 70% T/10 cm. Sediment-laden water 
emanating from the C.O.E spoil island site, was transported 
NW although the tide was in a flood stage (due perhaps to wind 
from ESE?). This silt plume (42% T/10 cm) was encountered just 
west of channel marker 3 and could be seen trending NW for an 
undetermined distance. The silt plume associated with the FPC 
dredge appeared to remain localized in the vicinity of the dredge, 
but affected the water clarity over the grass beds west of 
Bailey's Bluff, an area generally distinguished by high transmis-
sivity values. Although the C.O.E. dredge was cu~ting (near 
marker 11) no surface plume was noticed. %T values remained 
constant within a 50 ft. radius of the dredge (64% T/10 cm). 
September 20, 1973 
EBB TIDE 
(0943-1238 EDT) 
Tides: 
H - 0522 EDT 
L - 1334 
H - 2129 
Wind: NW (calm increasing 
to moderate) 
FIGURE 14B 
Sea surface transmissivity in North Anclote Anchorage ranged 
from 18% to 90% T/10 cm with the highest value (90%) recorded 
SE of marker A-6 approximately midway between A-6 and Bailey's 
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Bluff. The lowest value for surface transmissivity (18%) was 
associated with the silt plume emanating from the FPC dredging 
site. The plume was noticeably less turbid outside the silt 
screen than within it, but could be seen trending WNW for a 
distance of approximately 1 to l~ miles on an outgoing tide 
and in opposition to the northwest wind. A vertical transmis-
sivity profile taken in the silt plume directly west of the dredge 
indicated that the %T values decreased from 18% at the surface 
to 8% T/IO cm at 2 feet below the surface and then increased to 
32%,1 ft. above the bottom. 
During this survey, the clearest water was found northwest 
of the dredge site (90% T) and west of the outer grass margins, 
although the entire area north of the dredge site and west of 
Bailey's Bluff recorded high values ranging from 85% to 90% 
T/IO em. Water clarity was also exceptional southeast of 
Dutchman Key, on the western margin of the anchorage, with high 
values of 87% T/IO em recorded during a dead calm. 
A surface slick trending NE-SW with mats of floating sea 
grasses (Thallasia dominant) along its western perimeter, was 
crossed twice during this survey southeast of marker A-6, with 
apparent change in %T values. In general, floating sea grasses 
were extremely abundant in the surface waters throughout the 
anchorage . 
Transmissivity values in the Anclote River increased from 
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a low 66% T at marker 19 to a high value of 74% T at marker 5. 
A second low of 66% T/IO cm ,(associated with a surface slick and 
incorporated floating sea grass) was traversed between markers 
1 and 3 in the river channel. % T values dropped abruptly 
from 73% to 66% T/IO cm upon crossing the slick, but returned 
to 70% beyond its western terminus and again increased steadily 
to 72% at marker 1. 
September 20, 1973 
FLOOD TIDE 
(1406-1648 EDT) 
Tides: 
H - 0522 EDT 
L - 2334 
H - 2129 
Wind: NW (moderate) 
FIGURE l5B 
Transmissivity in the Anclote River increased steadily from 
53% at marker 19, to 62% T/IO cm at marker 1 in the river channel. 
% T values in the northern Anclote Anchorage ranged from 18-82% 
T/IO cm. The low value (18%) was associated with the silt plume 
from the FPC dredging operation. The plume remained localized 
within about a 300 ft. radius of the dredge due to the effect of 
a moderate NW wind superimposed on an incoming tide. The highest 
values were recorded both N of the dredge site in the grass beds 
west of Bailey's Bluff (82%) and at marker A-6 (81%). The water 
clarity apparent d~ring the earlier ebb tide survey at the "Pile," 
SE of Dutchman Key, has been greatly reduced (from 87% to 66%). 
Transmissivity contours in the area of the FPC dredge site and 
northward are greatly influenced by the ongoing siltation in the 
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area, but those to the SW, are shown trending NE-SW perpendicular 
to the northwest wind, due probably to the incoming tide. 
A surface tidal current defined by floating sea grass and 
trending NE-SW was crossed twice, initially just NW of marker 1 
and again E of marker A-3. Respective T values for the 2 areas 
are 74 and 60% T/IO em. Whole Thallasia plants including rhizomes, 
apparently uprooted by the FPC dredge, were seen in the latter 
area. In general, the grasses, which had been associated with 
surface slicks earlier in the day, were now bound together in 
large mats and floating independently throughout the anchorage. 
September 27, 1973 (0934-1311) Wind: SE shifting to ESE 
Tides: 
L - 0657 EDT 
H - 1331 
L - 1910 
FIGURE 16B 
Sea surface transmissivity in north Anclote Anchorage ranged 
from 8-87% T/IO cm. The low value (8% T/IO cm) was associated 
with a very localized silt plume emanating from a leaking effluent 
pipe located SE of the FPC dredge and outside the silt curtain. 
Although dredge operators were unsuccessful in curtailing the 
spillage, dredging operations were continued during the time the 
operation was observed. The silt plume remained fairly localized 
about the FPC dredge site, conforming to a general pattern eluci-
dated during previous flood tide observations. A vertical 
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transmissivity profile measured in the plume SE of the dredge 
yielded % T values at surface and bottom of 20 and 16% T/10 cm 
respectively. 
The highest values (87% T/10 cm) recorded during this 
survey occurred in the north central portion of the anchorage 
around marker A-6. % T values in the river channel between markers 
1 and 20 ranged from 60-79% T/10 cm, with transmissivity contours 
generally paralleling the bathymetry, trending NE-SW in opposition 
to the direction of the wind (SE). However, contours in the NE 
portion of the map are depicted, trending E-W in response to 
shifting winds (E-SE) which were observed during the leg between 
marker A-3 and the Radar Station. 
The contour map was compiled without the use of data collected 
during the final 2 legs of this survey (from Bailey's Bluff to 
A-3 and from A-3 to 1) as these data did not conform well with 
those determined previously. % T values at marker A-3 increased 
from 52% to 72%, while those at marker 1 increased from 70% to 
71% during the course of this survey, due presumably to shifting 
wind directions. 
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October 4, 1973 (0904-1208 EDT) 
Tides: 
H - 0436 EDT 
L - 1230 
H - 1912 
Wind: NE (Strong) 
FIGURE 17B 
Surface transmissivity in north Anclote Anchorage ranged 
from 52% to 90% T/IO em. The low value (52%) was associated 
with a turbidity plume traversed east of the piling southeast 
of Dutchman Key. The plume appeared to be trending roughly N-S, 
parallel to Anclote Key, and extending indefinitely in both dir-
ections. Two NE-SW trending surface turbidity plumes were 
crossed and a third sited during the transects run between the 
"Pile" and marker A-3 and the Radar Station (s.ee contour map). 
The visually turbid areas were characterized by relatively lower 
% T values with respect to the surrounding area. The plume not 
traversed was sited NW of marker A-3, approximately midway 
between A-3 and the "Pile", and was trending towards marker A-6. 
In general, the orientation of surface % T contours and assoc-
iated turbidity plumes in the western portion of the anchorage 
(NE-SW) appears to be a direct response to strong NE winds rather 
than the result of a falling tide. 
The highest values in the anchorage were recorded over the 
grass beds west of Bailey's Bluff (90%) and at the "Pile" (88%) 
along the western margin~ .% .T values in the river channel 
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between markers 1 and 19 ranged from 60% to 77% T/10 em , the 
lowest value being associated with a NE-SW trending plume which 
was intersected just west of marker 3 near the new spoil island. 
The FPC dredge is no longer operating at Anclote as the 
outfall plug is currently being removed. Two days before this 
survey, a turbidity plume was observed on an ebb tide emanating 
from this site and trending SSW across the anchorage. The 
plume was unique in that it reportedly was capped by an organic 
foam, which floated atop and was completely immiscible with the 
underlying sea water. 
November 1, 1973 
(Sampled by Blake and Doyle 10-2-73). 
(1037-1629: EDT) 
Tides: 
H - 0212 EDT 
L - 0928 
H - 1636 
Wind: NW (moderate 
10-15 kts.) 
FIGURE 18B 
Sea surface transmissivity in Anclote Anchorage and the 
mouth of Anclote River ranged from 48 to 88% T/10 em. The low 
value (48%) was associated with a roughly N-S trending turbidity 
plume, observed to be emanating from the general directions of 
the new spoil island in response to a flood tide and in opposition 
to the wind (NW). The plume was intersected between markers 1 
and 3 in the river channel, reminiscent of a general pattern 
delineated during previous flood tide observations. The highest 
values (88%) were recorded over the grass beds along the eastern 
margins of the Anchorage at 2 locations: the first, due west of 
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Bailey's Bluff and the second, south of the river channel approx-
imately 800-1000 yds. SE of Rabbit Key. 
Transmissivity in the river channel between markers 3 and 
19 was uniform ranging from 74-76% T/10 cm. The turbidity plume 
encountered west of marker 3 (mentioned previously) was again 
intersected SE of the new spoil island during a leg run from 
south anchorage marker 10 to Rabbit Key. A surface % T value 
of 53% was recorded in the plume. 
Due to calibration problems with the transmissometer during 
the transect run from Rabbit Key to marker 1, it was impossible 
to confirm the origin of the silt plume observed north of the 
spoil island. Consequently the 50% T contour is depicted on 
the map as an isolated depression NW of the spoil island. 
It should also be noted that the data represented on the 
contour map were not taken during a continuous survey, due again 
to calibration problems with the instrument. There was a 2 hr. 
delay between the transects run between Rabbit Key and Marker 1, 
and between marker 1 and the "Pile." (This resulted in a discre-
pancy of 6% T/10 cm.) This difference could logically be projected 
over the data subsequently recorded and would not doubt alter 
the appearance of transmissivity contours north of the river 
channel, perhaps producing a more accurate picture of tidal circu-
lation. 
The essentially EW trending contours depicted in the northern-
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most portions of the map are in direct opposition to those in 
the south which trend roughly parallel to the bathymetry. This 
result is probably in response to an encroaching ebb tide, as a 
NW-SE trending foam line (indicative of such events) was crossed 
during the final leg of this survey between marker A-6 and 
Bailey· s Bluff. 
January 16, 1974 
EBB TIDE 
(0945-1203 EDT) 
Tides: 
H - 0801 
L - 1200 
H - 1839 
Wind: E-NE (slight) 
FIGURE 19B 
Sea surface transmissivity in the west-central portion of 
the Anclote Anchorage, and the mouth of the Anclote River ranged 
from 77 to 90% T/IO em. In general, water clarity was exceptional 
throughout the area sampled, with the highest % T values (90% 
T/IO cm.) recorded south of the river channel over the grass beds 
approximately ~ mile west of Piney Point. This can be attributed 
to relatively low phytoplankton biomass in the area as well as 
quiescent wind conditions. The lowest value (77% T/IO cm.) was 
recorded at marker 17 in the river channel, adjacent to the FPC 
intake channel. 
A 3% T cumulative correction was applied to all the data 
presented here, due to calibration problems with the instrument 
during this survey. 
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January 16, 1974 
FLOOD TIDE 
(1300-1652 EDT) 
Tides: 
H - 0801 EDT 
L - 1200 
H - 1839 
Wind: NW (slight) 
FIGURE 20B 
Sea surface transmissivity in the Anclote anchorage and the 
mouth of the Anclote River ranged from 74 to 91% T/IO cm. The 
highest values (90-91% T/IO cm.) were recorded along the margins 
of the anchorage over the grass beds in areas of traditionally 
good water clarity, and the lowest value (74% T/IO cm.) was 
recorded between markers 13 and 17 in the river downstream 
from FPC intake channel (inoperative). In general, the % T 
contour pattern delineated earlier in the day during an ebb 
tide survey of the west central portion of the anchorage remained 
essentially unchanged during the ensuing flood tide, although a 
shift in wind direction was observed, (from ENE during ebb tide 
to predominately NW on flood tide). This apparent unconventional 
uniformity over successive tidal exchanges might be attributed 
to the slight drop in tide (0.4 ft.) during the initial survey, 
although the range for the full cycle was 1.3 ft. The relatively 
uniform water clarity throughout the anchorage can best be attri-
buted to decreased phytoplankton biomass in the area as well as 
quiescent wind conditions resulting in decreased turbulence and 
turbidity. 
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5% TI IO em. 
A 2% T correction was applied cumulatively to all data 
recorded after 1413 (EDT), as the instrument experienced a 
progressive calibration change of +2% T from that point on. 
Phytoplankton samples during the week prior to this survey 
indicate a slight increase in phytoplankton over typical winter 
values due to a minor phytoplankton bloom in the area, resulting 
most probably from increased surface water temperatures over 
the past 2-3 weeks. In general, however, phytoplankton biomass 
remains relatively low with respect to peaks in the annual cycle. 
43 
REFERENCE CITED 
McCarthy, J. C., T.E. Pyle and G.M. Griffin 
1974. Light transimssivity, suspended sediments and the 
legal definition of turbidity. Estuarine and Coastal 
Marine Science (in press). 
44 
II SEDIMENT TRANSPORT BY DREDGE PRODUCED FOAM 
For about 2 hours on October 2, 1973, large numbers of brown 
clots of foam escaped from gaps in the silt curtain of the dredge 
which was operating for the Florida Power Corporation in the dis-
charge canal of the Anclote Power Plant -inland frow. the bulk-
head line. Foam extended in a straight line across the anchorage 
toward Anclote Key. At its maximum the foam was estimated to cover 
a minimum of about two per cent of the surface of an area 30 meters 
wide at the point of escape, 2.5 kilometers long on the line ortho-
gonal to the break extending out into the anchorage, and about 60 
meters wide on the side nearest Anclote Key, an area of about 112,500 
square meters (27.8 acres) (Figure 21B). Foam tRic~ness averaged about 
10 centimeters thick. A volume of approximately 225 cubic meters of 
foam escaped into the anchorage. 
A representative sample of foam was collected. It was allowed 
to stand in the laboratory for one week during which time it showed 
little tendency to break down. It could only be dispersed with a 
detergent. 
An approximately three liter sample of the foam was broken down 
with the detergent in the laboratory. It was found to contain about 
105 grams of sediment, mostly sand and organic debris. Extrapolating 
this amount of load to the whole foam field, about 8 metric tons of 
45 
sediment were delivered to the Anchorage in about 2 hours, a consi-
derable amount. 
This estimate is obviously not precise. It is conservative 
and demonstrates the capability of dredging derived foam to transport 
appreciable quantities of sediment in a relatively short time. In 
the 2250 square meters of estimated foam cover as much as 3.5 kg/m2 
could have settled out. If transport had continued for an appreciable 
length of time, siltation effects could have been severe over a broad 
area. 
4Q 
FIGURE 218. Photograph taken on October 2, 1973, showing escape of foam from the silt curtain during dredging operations. 
III SEDIMENTS OF SEAGRASS BEDS IN ANCLOTE ANCHORAGE 
Sediment cores were taken in conjunction with seagrasses and 
invertebrates in a detailed benthic sampling program at Anclote 
Anchorage in the summer 1972. Sediment characteristics have been 
casually observed, overlooked or assumed insignificant in most sea-
grass studies. A detailed study of grain-size, and variation in 
distribution of carbon, nitrogen, phosphoru.s, and sulphur in the 
sediments and in the various seagrass zones is being conducted. 
Attempts will be made to correlate variations in these parameters 
with seagrass biomass and dominance patterns. This data may con-
tribute to the knowledge of the relationship of the substrate to sea-
grass growth and distribution so that the influences of changes in 
sediments can be determined. 
Sediment cores have remained frozen from time of collection 
until the present. Equipment for analysis of carbon, nitrogen, phos-
phorous, and sulphur in sediments at both the Anclote and Bartow 
sites has been ordered on a separate grant from Florida Power, but 
delivery has been held up due to difficulty in obtaining electronic 
components. Only the sulphur titrator has actually arrived, but the 
remainder of the equipment is expected wi th i n a few weeks. Delay in 
receipt of equipment has caused corresponding delay in completion of 
sediment analyses. 
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This study is being carried out by Scott Rogers of the Marine 
Science Department and the results will constitute his Master's thesis. 
Completion is planned for the summer of 1974. 
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IV SEDIMENT TEMPERATURES 
Over 140 temperature measurements have been made in the sedi-
ments of the Anclote Estuary in the environs of the power plant con-
struction site. The preponderance of these were made by Roger 
Zirrunerman and Scott Rogers over the sumrrer and winter sampling 
periods of 1972. The remainder were collected during the summer and 
fall of 1973. 
Sediment temperature is important to the infauna. Temperatures 
within the sediments were within 1/2oC of the overlying water column 
to a depth of several centimeters. Changes in water temperatures 
were reflected quickly by changes in sediment temperatures in the 
porous, permeable sands of the anchorage. 
Quick responses (well within a tidal cycle) of sediment temp-
eratures to changes in the overlying water column are similar to 
those observed in the study at the operating P. L. Bartow Power 
Plant at Weedon Island, Tampa Bay Florida. Heated effluent from 
the Bartow Power Plant also causes rapid rise in temperatures of 
sediments over which it flows, either in response to tides, wind 
driven currents, or bathymetry. To a depth of at least 10 cm, sedi-
ments and their in fauna at the Anclote Power Plant site may be 
expected to be subjected to t~peratures closely approaching the 
temperatures of the discharge which is flowing over them. 
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c. WATER QUALITY 
Robert A. Gibson 
Thomas L. Hopkins 
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The Distribution of Phytoplankton in the Anclote Estuary 
INTRODUCTION 
Phytoplankton, in view of its role in marine primary 
production, has been included in the ecological assessment of 
the Anclote marine environment. The information presented here 
provides additional base line data on the Anclote area prior to 
the operation of the Florida Power Corporation generating plant. 
A non-quantitative taxonomic treatment of diatoms found in surface 
waters has been presented in an earlier report (see Baird et al., 
1972); the present results are more comprehensive and contain 
quantitative data on all major groups of phytoplankton found in 
samples taken monthly from Anclote waters in 1971. 
METHODS 
Surface water samples for phytoplankton analysis were taken 
monthly in 1971 at stations located in the River (stations 11, 13, 
17) Anchorage (stations 21, 26) and in the Gulf at locations 
-----
south (station 46) and west (station 50) of the Anclote Keys 
(Figure lC). Water was also taken concurrently for nutrient and 
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chlorophyll analyses and temperature and salinity determinations 
(see Baird et al., 1971). The phytoplankton samples were preserved 
with 10% (v/v) buffered formalin and allowed to sediment for at 
least 30 days prior to analysis. Samples were concentrated to 
1 to 10 ml residual volume by gently siphoning off the supernatant .. 
Examination of the supernatant indicated that cell loss from this 
procedure was negligible. Initially concentrates of phytoplankton 
from 300 ~'water samples were counted at 500X magnification in 
a Levi c?unting chamber under a Zeiss Model RA microscope; subse-
quent to June 1971 indentifications and cell counts were made 
using a Utermohl chamber and a Zeiss UPL inverted microscope at 
400 X magnification. 
In the counting procedure, cells were identified to species 
and measured alonq major axes. Axis values which could not be 
determined by direct measurement were obtained from the literature 
(see list of systematic literature in Baird et ali 1972). 
Average cell volumes were calculated using axes dimensions and 
volumetric formulas approximating each species shape (i.e., 
cylinder, cone, sphere, elliptical cylinder, etc.). Cell volumes 
were next transposed to cell carbon (in picograms) with the Mullin, 
Sloan and Eppley (1966) formula: 
L 
EoglOC = 0.76 10glOV - 0.29 
Count and biomass (expressed as carbon) data for all species were 
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ANCLOTE PHYTOPLANKTON 
STATIONS, 1971 
then cumulatedto estimate total phytoplankton biomass per unit 
volume of water (m3 ). Non-chlorophyll-bearing dinoflagellates and 
other phytoplankton cells showing no evidence of chloroplasts 
were not included in the tallies. 
RESULTS 
Systematics; 
A total of 129 species in 62 genera were found in analyses of 
Anclote phytoplankton samples. As the table below indicates 
diatoms constituted most of the taxa. 
CHRYSOPHYTA 
Bacillariophyceae 
PYRROPHYTA 
CYANOPHYTA 
CHLOROPHYTA 
EUGLENOPHYTA 
112 spp. - 47 genera 
5 spp. - 4 genera 
6 spp. - 5 genera 
4 spp. - 4 genera 
1 SF; 1 genus 
A complete accounting of species and their occurrence in Anclote 
waters is in Tables I-IIC. An analysis of these tables reveals 
that 16 benthic and 9 planktonic diatoms were found at all 7 
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SPECIES 
CHRYSOPHYTA 
BACILLARIOPHYCEAE 
Achnanthes manifera 
Actinoptychus senarius 
~. sp1endens 
Arnphiprora a1ata 
~. granu1ata 
A. 1aevis 
~. lindbergii 
~. marina 
A. obtusa 
A. ostrearia 
Jj.. terroris 
Jj.. sp. 9: 35 
~. sp. 6 : 21 
A· sp. 1 
A· sp. 2 
A· sp. 3 
Anau1us americanum 
Anortheis sp. 
Asterione11a japonica 
Au1iscus scu1ptus 
TABLE IC 
OCCURRENCE OF PHYTOPLANKTOO 
TAXA AT ANCLOTE STATIOOS, 1971 
STATIONS 
11 13 17 
X X x -
X X X 
X X X 
X X 
X 
X 
X 
X X X 
X X 
X X 
X X 
X 
X 
X X 
X X X 
X 
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21 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
26 46 50 
X X X 
X X 
X X X 
I 
X X X 
X X 
X X X 
X X 
X X X 
X X X 
X 
X 
X 
X X 
X 
X 
X X X 
X X X 
X X 
SPECIES 
Bacteriastrum delicatulum 
Bellerochea malleus 
Biddulphia alternans 
B. aurita 
B. mobiliensis 
B. reticulum 
B. rhombus 
~. tuomeyi 
Campylodiscus punctu1atus 
Q.. sruooensis 
Chaetoceros compressum 
C. didymum 
C. laciniosum 
C. lorenzianum 
C. van heurckii 
C1imacodium frauenfe1dianum 
Cocconeis placentula 
C. quarnerensis 
C. scutellum 
Corethron criophilum 
C. nitidus 
C. oculus iridis 
Coscinosira polychorda 
Cyc1ote11a menghiniana 
Cymatosira belgica 
Detunula confervaciae 
-2-
11 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
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13 17 21 
X 
X 
X 
X 
X X 
X X X 
X X X 
X X 
X 
X 
X 
X 
X X 
X 
X 
X X 
X X X 
X X 
X X X 
X 
X X 
26 
X 
X 
X 
X 
X 
X 
X 
X 
X 
46 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
50 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
SPECIES 
Diatomella sp. 
Diploneis bomb us 
D. fusca 
Eunotia sp . 
Eunotogramma laeve 
E. marinurn 
Eupodiscus radiatus 
Grarnrnatophora marina 
Gyrosigma balticurn 
G. hurnrnii 
G. sulca-ta 
Licmophora jurgensii 
b· lyngbyei 
b· paradoxa 
Mastogloia braunii 
M. crucicula 
M. portieriana 
M. purnila 
11. srnithii 
M. sQ;blatericia 
M. sp. 10:16 
Melosira moniliforrnis 
-3-
11 
x 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
56 
13 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
17 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
21 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
26 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
46 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
50 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
SPECIES · 
Navicula cancellata 
N. forcipata 
N. lyra 
N. marina 
N. nunnnularia 
N. ornotheoides 
N. sulcifera 
N. sp. 10:18 
N. sp. 1 
N. sp. 2 
N. sp. 10:24 
N. sp. 10:6 
Nitzschia angularis 
N. bi10bata 
N. closteriurn 
.N. hungarica 
.N. 10ngissirna 
.N. pungens 
N.. sigma 
Ornotheis firnbriata 
Paralia sulcata 
P1agiograrnma staurophora 
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11 
x 
x 
x 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
57 
13 
x 
x 
x 
X 
X 
X 
X 
X 
X 
17 
x 
x 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
21 
x 
x 
x 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
26 
x 
x 
X 
X' 
X 
X 
X 
X 
X 
X 
X 
X 
46 
x 
x 
x 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
50 
x 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
SPECIES 
P. walliachianum 
Pleurosigma strigosum 
P. sp. 11:3 
Rhabdonema adriaticum 
RhaEhoneis surirella 
.B. calcar avis 
.E. setigera 
R. stolterfothii 
Skeletonema costatum 
Striatella unipunctata 
Surirella americana 
S. praeclara 
S. smithii 
S. sp. 9:14 
~. splendens 
~. undulata 
Thalassionema nitzschioides 
Thalassiosira eccentrica 
Triceratium alternans 
T. favus 
T. reticulum 
-5-
11 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
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13 
X 
X 
X ' 
X 
X 
X 
X 
X 
X 
17 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
21 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
26 
X 
X 
X 
X 
X 
X 
X 
X 
X 
46 
X 
',X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
50 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
SPECIES 
Tropidoneis lepidoptera 
CHRYSOPHYCEAE 
Dinobryon sp. 
PYRROPHYTA 
Cerati urn hircus 
Gonyaulax diacantha 
Glenodini urn sp. 
Prorocentrurn micans 
P. triangulaturn 
CYANOPHYTA 
Lyngbya rnajescula 
Me rismope dia sp. 1 
Nostoc sp. 
Oscillatoria sp. 124 
o. sp. 129 
Spirulina major 
CHLOROPHYTA 
Actinastrum hantzschia 
Dimorphococcus lunatus 
Westella botrioides 
11 
x 
x 
X 
X 
X 
X 
X 
X 
X 
X 
X 
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13 
x 
X 
X 
X 
X 
17 
x 
X._ 
X 
X 
X 
X 
X 
X 
X 
X 
21 
x 
X 
X 
X 
X 
X 
X 
26 46 50 
x x x 
x 
X X 
X 
X 
X X X 
X 
X X X 
X X 
X 
X 
X 
X 
X 
X X 
SPECIES 
Ch1orococca1es 
Vo1vocales 
EUGLENOPHYTA 
Phacus sp. 
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11 
x 
X 
X 
13 17 
X 
X X 
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21 26 46 50 
X X X 
X X X X 
TABLE lIC 
SEASONAL OCCURRENCE OF PHYTOPLANKTON 
TAXA IN ANCLOTE WATERS, 1971 
DATES 
SPECIES 1/23 2/27 3/25 4/17 5/17 
CHRYSOPHYTA 
BACILLARIOPHYCEAE 
Achnanthes manifera X X X X X 
Actinoptych us senarius X X X X 
A. sp1endens X X X X X 
Amphiprora a1ata X X X X X 
A. granu1ata X 
A. 1aevis X X X X X 
A. lindbergii X 
A. marina X X X X 
A. obtusa X X X X X 
A. ostrearia X X X X X 
A. terroris X X X X X 
A. sp. 9: 35 X X 
A. sp. 6:21 X 
A. sp. 1 X X 
A. sp. 2 X X X X 
A. sp. 3 
Anau1us americanum X 
Anortheis sp. X X X X 
Asterione11a jaEonica X X X' X X 
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6/25 7/24 8/20 9/23 11/23 12/17 
X X X X 
X X X X 
X X X X X X 
X X X X X X 
X X X X X X 
X X X X X X 
X X X X X X 
X X X X X X 
X X X X X 
X X X X X 
X 
X X X X 
X 
X X X X X 
X X X X X 
-2-
SPECIES 1/23 2/27 3/25 4/17 5)176/25 7/24 8/20 9/23 11/23 12/17 
Aul iscus sculptus X X X X 
Bacteriastrum delicatulum X X X 
Bellerochea malleus X X X X X X X X X 
Biddulphia alternans X X X X X 
B. aurita X 
B. mobiliensis X X X X X X X 
B. reticulum X X X X 
B. rhombus X X X X X X X X 
B. tuom:yi X 
Campylodiscus pun ct ul at us X 
C. sa.noensis X 
Chaetoceros compressum X 
.f. didymum X X 
.f. laciniosum X 
C. lorenzianum X X X X X X X X 
C. van heurckii X X 
Climacodium frauenfeldianum X X X X 
Cocconeis placentula X X X X X X X 
C. guarnerensis X 
C. scutellum X X X X X X X X X X X 
Corethron crioEhilum X X X X 
~. nitidus X X X X 
~. oculus iridis X X X X X X X 
Coscinosira polychorda X X X X X X X X X X 
Cyclotella rneneghiniana X X X X X X X X X 
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SPECIES 
Cymatosira be1gica 
Detunu1a confervaciae 
Diatome11a sp. 
Dip10neis bomb us 
D. fusca 
Eunotia sp. 
Eunotogramma 1aeve 
E. marinum 
Eupodiscus radiatus 
Grammatophora marina 
Gyrosigma ba1ticum 
G. hummii 
G. su1cata 
Licmophora jurgensii 
L. 1yngbyei 
L. paradoxa 
Masto9:1oia braunii 
M. crucicu1a 
~. portieriana 
~. ' pumi1a 
M. smi thii 
1/23 2/27 3/25 4/17 5/17 6/25 7/24 8/20 9/23 11/23 12/17 
x 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
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X X 
X 
X X 
X 
X X 
X X 
X 
X 
X X 
X 
X X 
X X 
X X 
X 
X 
X 
X 
X X 
X 
X X 
X X 
X X 
X X 
X X 
X X 
X X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X X x 
x 
X 
X X X 
X X X 
X 
X X X 
X 
X X X 
X X 
X X 
X 
X X 
X X X 
X X 
X X X 
X X X 
SPECIES 
M. sub1atericia 
M. sp. 10:16 
Melosira rroni Ii fonnis 
Navicula cance11ata 
N.. forcipata 
N. marina 
N. nurrnnularia 
N. ornotheoides 
N. su1cifera 
N. sp. 10:18 
N. sp. 1 
N. sp. 2 
N. sp. 10:24 
N. sp. 10:6 
Nitzschia angu1aris 
N. bi10bata 
N. c10steiium 
N. hungarica 
N. longissima 
N. pun gens 
N. sigma 
Ornotheis fimbriata 
1/23 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
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2/27 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
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3/25 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
4/17 5/17 6/25 7/24 
X X X X 
X X 
X X X X 
X X X 
X X X 
X 
X X X X 
X X X X 
X X X 
X X X X 
X X 
X X X X 
X X X X 
X X 
8/20 9/23 11/23 12/17 
X X 
X 
X X 
X 
X 
X X 
X 
X 
X 
X 
X X 
X X 
X X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
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SPECIES 1/23 2/27 3/25 4/17 5/17 6/25 7/24 8/20 9/23 11/23 12/17 
Para1ia su1cata X X X X X X X X X X X 
P1agiogramma staurophora X X X X X X X X X X X 
P. wa1liachiam.un X X 
P1eurosigma strigosum X X X X X X X X X X 
P. sp. 11: 3 X X 
-
Rhabdonema adriaticum X X X 
Rhaphoneis surire11a X X X X X X X X X X 
R. calcar avis X X X X 
R. setigera X X X X X X X X X 
R. sto1terfothii X X X X X X X X X X 
Ske1etonema costatum X X X X X X X X X X 
Striate11a unipunctata X X X X X X 
Surire11a amoricana X 
S. praec1ara X X 
S. smithii X 
S. sp. 9:14 X 
s. sp1endens X X X X X X X X X X 
s. undu1ata X X X X X X 
Tha1assionema nitzschioides X X X X X X X X X X X 
Tha1assiosira eccentrica X X X X X X X X X X X 
Triceratium a1ternans X 
T. favus X X X X X 
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SPECIES 1/23 2/27 3/25 4/17 5/17 6/25 7/24 8/20 9/23 11/23 12/17 
T. reticulum x x x x x x 
Tropidoneis lepidoptera x x x x x x x x x x 
CHRYSOPHYCEAE 
Dinobryon sp. X X 
PYRROPHYTA 
Cerati um hircus X X X X X X X 
Gonyaulax diacantha X X X X 
Glenodinium sp. X 
Prorocentrum micans X X X X X X X X X X X 
P. triangulatum X X X X X X 
CYANOPHYTA 
Lyngbya majescula X X X 
Merisrropedia sp. X X 
Nostoc sp. X 
Oscillatoria sp. 124 X X X 
Q... sp. 129 X X 
Spirulina major X X . 
CHLOROPHYTA 
Actinastrum hantzschia X 
Dirnorphococcus lunatus X X 
Westella botrioides X X X 
Chlorococcales X X 
Volvocales X X X X X X X X X X X 
EUGLENOPHYTA 
Phacus sp. X X X X X X X X X X 
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FIGURE 2C. SEASONAL PHYTOPLANKTON DIVERSITY AT GULF, ANCHORAGE, AND RIVER 
STATIONS IN 1971 . (41---A, TOTAL NUMBER OF SPECIES; 0-- - 0, NUMBER OF BENTHIC 
SPECIES). 
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stations 'at one time or another in 1971. Also, five planktonic 
and 14 benthic diatoms were found at one or a number of stations 
in Anclote waters on every collecting period in 1971. Three 
planktonic diatoms (Nitzschia pungens, Thalassionema nitzschioides, 
Thalassiosira eccentrica, and 7 benthic diatoms Actinoptychus 
splendens, Cocconeis scutellum, Mastogloia braunii, Navicula 
cancellata, Paralia sulcata, Plagiograrnrna staurophora, Tropidoneis 
lepidoptera) were found at all stations on all sampling occasions. 
Seasonal diversity patterns (Fig. 2C) for the Anclote River, 
Anchorage and Gulf are similar though peaks for the three areas 
are not in all cases synchronous. Throughout the year most of 
the diversity was contributed by benthic diatoms, their abundance 
in surface waters at any particular time ana station beinq 
larqely determined by wind and tide generated wave action. 
Highest average diversity was found at station 46 (35 spp.) in 
the Gulf and the lowest at station 13 (17 spp.) in the Anclote 
River. Average annual diversity for the three Anclote sub-regions 
was as follows: 
Gulf (33 spp.) > Anchorage (30 spp.) > River (25 spp.) 
Abundance: 
3 At all stations the annual maximum in cell numbers (per m ) 
occurred between June and September (Fig. 3C) with relatively 
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low cell counts being recorded for the period of November -
Aprii. While benthic diatoms contributed most to phytoplankton 
diversity, planktonic diatoms were most important in terms of 
numerical abundance throughout the area studied. The pri~~ 
diatom species were Rhizosolenia stolterfothii, Thalassiosira 
eccentrica, Skeletonema costatum, Nitzchia pungens and Bellerochea 
malleus; in summer the blue green algae Nostoc sp. and Lyngbya 
majescula and the green algae Westella botrioides and Dimorphococcus 
lunatus were also abundant in the Anclote River and Anchorage. 
The phytoplankton cell biomass data (Fig. 4C) show seasonal 
patterns similar to cell count results in that the maximum 
usually occurred in the summer months. A secondary winter peak 
in February or March was recorded for most stations, and at 
station 11 the annual maximum occurred in winter (March) instead 
of during the warmer months. 
At all sampling locations planktonic diatoms constituted the 
largest share of phytoplankton biomass. The most important winter 
species throughout the study area, in terms of cell biomass was 
R. stolterfothii. This large diatom was also abundant in the 
summ~~!- though during this season other species such as ~. pungens, 
Asterionella japonica, Rhizosolenia calcar-avis, Coscinosira 
polychorda, Glenodinium sp., ~. braunii and especially ~. costatum 
also contributed significantly to phytoplankton biomass. The 
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latter species, in fact, was the principal biomass species during 
the wet summer season. 
Averages for River, Anchorage and Gulf stations show 
general similarities in seasonal patterns of phytoplankton 
cell abundance, biomass and chlorophyll and phaeopigments, though 
peaks for these three variables were not always concurrent 
(Fig. 5C). The annual maximum foy these measures of standing 
crop all occurred in the warmer months within the period of 
May through September, the period of maximum runoff, nutrient 
concentrations and incident light (see Baird et al, 1971). 
In the cooler months phytoplankton by all of our methods of assay-
ing standing crop was much less abundant. Annual averages yield 
the following rankings for the three sub-regions of the Anclote 
area: 
Cell numbers: Anchorage (370 X 106/m3 ) 5 River (367 X 106/m3 > 
Gulf (178 X 106/m3 ) 
Cell biomass: Anchorage (213 mg C/m3 ) 
Gulf (97 mg C/m3 ) 
> 
. 3 Rlver (153 mg C/m ) > 
Chl a + phaeopigments: River (13 
~ 1 3 
mg C/m ) 
> 
. 3 
Anchorage (8 mg C/m ) > 
Gulf (7 
Because of the variation in rankings and the lack of direct 
proportionality in values for the three measures of phytoplankton 
standing crop, it is apparent that these characteristics, at least 
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as assayed by our p rocedures, are not equivalent indicators of 
seasonal and regional trends and therefore cannot be used inter-
changeably to show patterns of distribution. 
DISCUSSION 
Phytoplankton and environmental factors: 
Hydrographic and nutrient data for the Anclote area, dis-
cussed in Baird et al. (1971)r indicate that the year 1971 
typically had a wet summer and a dry fall - winter - spring. The 
wet season, June through September, was characterized by high 
insolation, warm water temperatures, low salinity (especially in 
the river) and relatively high nutrient concentrations. It 
was during this period that phytoplankton standing crop as esti-
mated by cell numbers, cell biomass and chlorophyll reached the 
annual maximum. It is difficult, however, to determine the 
degree of influence any of the hydrographic and chemical factors 
analyzed had on phytoplankton standing crop and production in 
1971. Preliminary correlation statistics testing cell numbers 
and volume against various nutrients, salinity and temperature 
resulted in no r-values greater than 0.59 using either concurrently 
collected information or biomass data offset (lag) by one month 
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from the nutrient-hydrographic data. Further statistical analysis 
was not pursued because of the large sampling interval (30 days) 
and the relatively small number of stations studied in each area. 
Also, there is evidence that uptake of traditionally considered 
nutrients (e.g., inorganic nitrogen and phosphorus species) and 
........... - -
pr1mary production can be affected t 'o some degree by humic acid 
(Prakash et al., 1973) and vitamin (Curl, 1962) concentrations, 
levels of nutrients in particulate form (Goering et aI, 19 73), 
light/dark periodicity (Eppley et aI, 1971), zooplankton grazing 
(Riley and Bumpus, 1946) and other factors not assayed in this 
study. 
In view of likely synergistic action of the above factors, 
it is probable that strong statistical correlations between 
pairs of variables, had they occurred, in fact would not have 
reflected true cause-and-effect relationships. 
Regional comparisons: 
Table IIIC presents phytoplankton standing crop information 
for the Anclote area and other Gulf of Mexico waters. As to be 
expected, Anclote cell densities are much higher than those in the 
nutrient impoverished central Gulf. Values for coastal areas 
show phytoplankton was more abundant in water immediately west of 
the Anclote Keys than off Cape San Bias, Florida (November-December) 
and the outer shelf between St. Petersburg and Ft. Meyers. Anclote 
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Table III C. Comparison of Phytoplankton Abundance in Anclote Water 
in 1971 with that in other areas of the Gulf of Mexico 
AREA 
OCEANIC 
Central Gulf of Mexico 
Central & Eastern Gulf 
COASTAL 
Off Mississippi River Mouth 
Off Cape San BIas, Florida 
Apalachee Bay, Florida 
Gulf Adjacent Anclote Keys 
Outer Shelf,St. Petersburg-
Ft. Meyers 
Inner Shelf,St. Petersburg-
Ft. Meyers 
ESTUARIES 
St. Andrew Bay, Florida 
Tampa Bay, Florida 
Hillsborough Bay 
Old Tampa Bay 
Mid-Tampa Bay 
Lower Tampa Bay 
Crystal River 
Anclote River dry season 
wet season 
Anclote Anchorage dry season 
wet season 
0.1 (diatoms) 
1.1-2.1 
2-154 
7.3-9.2 
194 
178 
8-69 (diatoms) 
1096 (diatoms) 
800 (diatoms) 
1200 
1200 
800 
800 
37.-4871 . ~·-
47 
705 
91 
726 
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'1'IME OF YEAR 
September 
November-December 
November-December 
" " 
July-August, 
November ,February 
All seasons 
" " 
" " 
" " 
" " 
" " 
" " 
" " 
November-December 
October-May 
June-September 
October-May 
June-September 
REFERENCE 
Fuqase, 1967 
Hulbert and Corwin,1972 
" " 
" " 
Saunders, 1966 
Present study 
Saunders and Glenn,196 9 
" " 
Hopkins, T .L. , 1966 
Turner, 1972 
" " 
" " 
" " 
" " 
Gibson et al. 1974 
--Present study 
" " 
" " 
" " 
coastal values are in the same range as those listed for Apalachee 
Bay and the upper values shown for Gulf waters adjacent to the 
mouth of the Mississippi River, but are smaller than those 
recorded for the inner coastal area from St. Petersburg and 
Ft. Meyers and estuaries listed in the table. Phytoplankton 
abundance in the wet season in the Anchorage and River, considered 
estuarine in this discussion, approximates the diatom concentrations 
listed for St. Andrew Bay but is considerably less than the standing 
crop recorded at Crystal River in December, 1973. Anchorage and 
River concentrations in the wet season, while similar to cell 
numbers recorded for mid and lower Tampa Bay, are smaller than 
the concentrations listed for the enriched upper reaches of Tampa 
Bay. 
It should be emphasized that the Anclote values are only 
for the year 1971 and that considerable variation from year to 
year is to be expected (Raymont, 1963; Hopkins, 1966). For 
instance, the hydrographic characteristics of the summer of 1973 
were markedly at variance with those of the summer of 1971 in 
that the summer of 1973 was relatively dry and high salinity 
oceanic-coastal water, presumably generated by a perturbation of 
the Loop current, flowed into the Anclote area penetrating the 
river as far as station 11 (Alt. Route 19 Bridge). Salinities 
as high as 36% were recorded at this station well into August. 
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A replication of annual patterns of phytoplankton abundance for 
two such dissimilar hydrographic regimes would not be expected. 
Also as mentioned in a previous report (see Baird et al., 1971) 
with increasing development and urbanization of the drainage 
area of the Anclote River, it is possible that nutrient and 
hydrographic characteristics of the river will change, resulting 
in progressive eutrophication. This enrichment would become 
apparent, over a period of years, in an increase in phytoplankton 
standing crop and primary production. 
S~RY 
1. One hundred "twenty-nine species of phytoplankton were 
found in Anclbte surface waters which were sampled monthly in 1971 
at 7 locations. Most of the species diversity was contributed 
by benthic diatoms. Three planktonic and 7 benthic diatom species 
were found in every sample taken in 1971. The average number of 
species identified in collections from the Gulf, Anchorage and 
River were 33, 30 and 35 species, respectively. 
2. The annual maximum in cell numbers and biomass at most 
locations occurred in the period of June - September, the season 
of maximum insolation, water temperature, runoff and nutrient 
concentrations; a secondary biomass peak at most stations occurred 
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in February or March. The principal winter biomass species was 
R~ stolterfothii; the dominant summer form was S. costatum. 
Six other species also contributed significantly to biomass in 
the summer months. 
3. Average cell concentrations for 1971 in the Anclote 
6 3 
Anchorage, River and the Gulf were 370, 367 and 178 X 101m, 
3 
respectively; average biomass values were 213, 153 and 97 mg Clm 
for these areas. Chlorophyll a + phaeopigment concentrations 
in the river (13 mg/m3 ) were nearly double those in the Anchorage 
4. Poor correlations were obtained in statistical compar-
isons of cell numbers and biomass with various nutrient and hydro-
graphic parameters. These factors may be acting synergistically 
and other variables not assayed may be important in regulating 
phytoplankton populations in Anclote waters. 
5. Phytoplankton abundance (cell numbers) in Anclote surface 
waters in 1971 was greater than that recorded for the central 
Gulf (September, November, December) and outer West Florida 
shelf, but less than that recorded for Crystal River (December) 
and the upper reaches of Tampa Bay. 
75 
REFERENCES CITED 
Baird, R.C., K.L. Carder, T.L. Hopkins, T.E. Pyle, and H.J. Humm. 
1971. Anclote Environmental Project Report 1971. Contrib. 
No. 39, Mar. Sci. Inst., Univ. South Fla., 251 pp. 
Caperon, J. and J. Meyer. 
1972a. Nitrogen-limited growth of marine phytoplankton 
I. Changes in population characteristics with 
ste-ady-state growth rate. Deep-Sea Res., 19: 601-
618. 
1972b. Nitrogen-limited growth of marine phytoplankton 
II. Uptake kinetics and their role in nutrient-
_limited growth of phytoplankton. Deep-Sea Res., 
19: 619-623. 
Carder, K.L. and R.H. Klausewitz. 
1972. A. Physical. IN Baird, R.C., K.L. Carder, T.L. Hopkins, 
T.E. Pyle, and H.J. Humm. Anclote Environmental Pro-
ject Report 1972. Contrib. No. 41, Dept. Mar. Sci., 
Univ. South Fla., 220 pp. 
Conover, S. 
1956. 
Curl, H. Jr. 
1962. 
Oceanography of Long Island Sound 1952-1954 IV. 
Phytoplankton, Bull. Bingham Oceanogr. Coll., 15: 
62-112. 
Effect of divalent sulfur and vitamin B12 in controlling 
the distribution of Skeletonema costatum. Limnol. 
Oceanogr., 7: 422-424. 
Eppley, R.W., J.N. Rogers, J.J. McCarthy, and A. Sournia. 
1971. Light/dark periodicity in nitrogen assimilation of 
the marine phytoplankters Skeltonema costatum and 
Coccolithus huxleyi in N-limited chemostat cultures. 
J. Phycol., 7: 150-154. 
TS 
F1A.Ase , s. 
-F 1967. Distribution of diatoms in relation to hydrographic 
conditions in the Gulf of Mexico in late summer of 
1965. unpubl. rept., Texas A&M Univ., College Station, 
45 pp. 
Gibson, R.A., R.V. Cano, T.L. Hopkins, and M.E. Gorman. 
1974. Phytoplankton ecology in the vicinity of Florida Power 
Corporation generating plant. October 1973-January 
1974. Fla. Power Corp. Second Crystal River Environ-
mental Progress Report to the Federal Interagency 
Research Advisory Committee, 25 January 1974, Section 
5: 65 pp. 
Gibson, R.A. and T.L. Hopkins. 
1972. C-II. Phytoplankton. IN Baird, R.C., K.L. Carder, 
T.L. Hopkins, T.E. Pyle, and H.J. Humm. Anclote 
Environmental Project Report 1972. Contrib. No. 41, 
Dept. Mar. Sci., Univ. South Fla., 220 pp. 
Goering, J.J., D.M. Nelson, and J.A. Carter. 
1973. Silicic acid uptake by natural populations of marine 
phytoplankton. Deep-Sea Res., 20: 777-790. 
Guillard, R.R., L.P. Kilham, and T.A. Jackson. 
1973. Kinetics of silicon-limited growth in the marine 
diatom Thalassiosira pseudonana Hasle & Heimdal 
(=eyclotella nana Hustedt). J. Phycol., 9: 233-236. 
Hopkins, T.L. 
1966; Plankton of the St. Andrew Bay System, Florida. Publ. 
Inst. Mar. Sci., Texas, 11: 12-64. 
, R. Gibson, W. Gunn, J. Johnson, V. Maynard, and W. weiss. 
------1971. C. Water Quality. IN Baird, R.C., K.L. Carder, T.L. Hop-
kins, T.E. 'pyle, and H.J. Humm. Anclote Environmental 
Project Report 1971, Contrib. No. 39, Mar. Sci. Inst., 
Univ. South Fla., 251 pp. 
Hulburt, E.M. 
1963. The diversity of phytoplanktonic populations in oceanic, 
coastal, and estuarine regions. J. Mar. Res., 21: 81-93. 
1967. Some notes on the phytoplankton off the southeastern 
coast of the United States. Bull. Mar. Sci. 17: 330-337. 
77 
Hulburt, E.M. and N. ~orwin. 
1972. A note on the phytoplankton distribution in the off-
shore water of the eastern and central Gulf of Mexico. 
Carib. J.Sci., 12: 29-38. 
-K Humm, H. J. , 
1970. 
Lackey, J.B. 
1967. 
R.C. Baird, K.L. Carder, T.L. Hopkins, and T.E. Pyle. 
Anclote Environmental Project Annual Report, Mar. 
Sci. Inst., Univ. South Fla., St. Petersburg, ~p. 
The microbiota of estuaries and their roles, 291-302. 
IN G. H. Lauff, (ed.), Estuaries, Amer. Assoc. Adv. 
Sci .• Publ. No. 83. 
Mullin, M.M., P.R. Sloan, and R.W. Eppley. 
1966. Relationship between carbon content, cell volume, and 
area in phytoplankton. Lirnnol. Oceanogr., 11: 307-
310. 
Patten, B.C., R.A. Mulford, and J.E. Warinner. 
1963. An annual phytoplankton cycle in the lower Cheasapeake 
Bay, Ches. Sci., 4: 1-20. 
Prakash, A., M.A. Rashid, A. Jensen , and D.V. SubbaRao •. 
1973. Influence of humic substances on the growth of marine 
phytoplankton: diatoms, Lirnnol. Oceanogr., 18: 
516-524. 
Pratt, D.M. 
1959. 
1965. 
The phytoplankton of Narraganset Bay. Lirnnol. 
Oceanogr.,4: 425-440. 
The winter-spring diatom flowering in Narragansett 
Bay. Lirnnol. Oceanogr., 10: 173-184. 
Raym::mt, J.E. G. 
1963.- Plankton and productivity in the Oceans. Macrnilliam 
Co., New York. 660 p. 
Riley, G. A. 
1957. Phytoplankton of the north central Sargasso Sea, 1950-
1952. Lirnnol. Oceanogr., 2: 252-270. 
and D. F. Bumpus. 
1946. Phytoplankton-zooplankton relationships on Georges 
Bank. J. Mar. Res., 6: 33-47. 
78 
Sampayo, M.A. de M. 
1970. Diatomaceas do estuario do Sado, Estudo qualitativo e 
quantitativo; variacoes sazonais, Notas e Estudos do 
Instituto do Biologia Maritima, No. 39: 1-118. 
Saunders, R.P. 
1966. Diatoms and their relationship with Gymnodinium breve 
Davis, IN Observations of an Unusual Red Tide, A 
Symposium. Fla. Bd. Conserve Mar. Lab. Prof. Pap. 
Sere No.8: 16-25. 
___________ , I. Burnhak, J.T. Davis, and C.L. Wahlquist. 
1967. Seasonal distribution of diatoms in Florida inshore 
waters from Tampa Bay to Caxarnbas Pass, 1963-1964. 
IN Red Tide Studies, Pinellas to Collier Counties, 
1963-1966, A symposium. Fla. Bd. Conserve Mar. Lab., 
Prof. Pap. Sere No.9: 48-78. 
___________ and G. Fryxell. 
1972. Diatom distribution, IN Chemistry, Primary Productivity, 
and Benthic Marine Algae of the Gulf of Mexico. Sere 
Atlas of the Mar. Environ., Folio 22. Amer. Geographical 
Soc. Bushnell, V.C (ed.), Contrib. No. 502, Dept. 
Oceanogr. Texas A&M Univ. 29 pp. 
Saunders, R.P. and D.A. Glenn. 
1969. Diatoms, Mem. Hourglass Cruises, Fla. Dept. Nat. Res. 
Smayda, T.J. 
1957. 
Mar. Res. Lab. I (3): 1-119. 
Phytoplankton studies of the lower Narragansett Bay. 
Limnol. Oceanogr., 4: 342-359. 
Steidinger, K.A. 
1973. III. E. Phytoplankton, IN Jones, J.I., R.E. Ring, 
M.O. Rinkel, and R.E. Smith (eds.), A Summary of 
Knowledge of the Eastern Gulf of Mexico 1973. Coord. 
by State Univ. Sys. Inst. Oceanogr. 1-14. 
and J. Williams. 
-----------1970. Dinoglagellates, Mem. Hourglass Cruises, Fla. Dept. 
Nat. Res. Mar. Res. Lab. II: 1-251. 
Turner, J.T. 
1972. The Phytoplankton of the Tampa Bay System Florida. 
Masters Thesis, Univ. South Fla. 181 pp. 
79 
Weiss, W.R. 
1972. 
and T.L. Hopkins. 
C-III. Zooplankton. IN Baird, R.C., K.L. Carder, 
T.L. Hopkins, T.E. Pyle, and H.J. Humm. Anclote 
Environmental Project Report 1972. Contrib, No. 
41, Dept. Mar. Sci., Univ. South Fla. 220 pp. 
Williams, R.B. and M.B. Murdoch. 
1966. Phytoplankton production and chlorophyll concentra-
tion in the Beaufort Channel North Carolina. Limnol. 
Oceanogr., 11: 73-82. 
8 0 
D. BENTHIC ALGAE 
HamIll, David C. 
Humm, Harold J. 
81 
INTRODUCTION 
With this report it can be said with confidence that the Anclote 
estuary is now one of the best known of any marine locality of the 
continent of North America in terms of benthic plants, especially 
the algae. Ballantine (1972) reported 65 species of algae occurring 
as epiphytes of the four species of seagrasses found in the Anclote 
estuary, and provided information on their seasonality and distrib-
ution. This report includes a list of 113 species, their distrib-
ution among ten readily recognizable algal habitats in the area, 
seasonal and reproductive behavior, and observations on their ecology. 
The knowledge of the benthic algae of the Anclote estuary pre-
sented in this and previous annual reports not only contributes 
significantly to our knowledge of these plants in the eastern Gulf 
of Mexico but also will serve as valuable base line data for an 
evaluation of the effects of operation of the new power plant on the 
marine environment. The behavior of the benthic algae, along with 
that of other biota of the area, during the next several years will 
serve to determine whether or not a change to cooling towers at the 
Anclote power plant is justifiable. 
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LOCATION OF STATIONS 
Twenty-eight stations were located in the Anclote estuary where 
repeated collections and observations were made during 1973. They 
were chosen to provide a sampling area for all the recognized benthic 
algal habitats of the area and are shown in Figure lD. 
Stations 4 and 9 were located around an unnamed island just 
outside the Anclote River lOOUth on the south side of the channel. 
We here designate this island as Casuarina Key in allusion to the 
dense stand of large trees, Casuarina equisitifolia L., an Australian 
"pine". 
Station 1. Rock jetty, southwest corner of Howard Park, exposed 
to strong wave action. 
Station 2. Rock jetty at the northwest corner of Howard Park, 
also exposed. 
Station 3. West end of Bird Key where there was a stand of 
Spartina in the intertidal zone and moderate exposure to wave action. 
Station 4. Chain of 5 small mangrove and dredged limestone 
islands lying west of Casuarina Key. 
Station 5. Northwest side of Casuarina Key where there was a 
dense stand of black mangrove pneurnatophores that were protected from 
wave action by an oyster shell ridge. 
Station 6. Southwest side of Casuarina Key just off a sandy 
beach exposed to considerable wave action. Pneurnatophores of black 
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mangroves were short and sparse here. 
Station 7. South side of Casuarina Key just outside a stand 
of red mangroves where a bed of Diplanthera is close to shore. 
Station 8. At the east end of Casuarina Key at the outer margin 
of a stand of black mangroves where the aerial roots are numerous, 
there is low wave action and the bottom is of muddy sand. 
Station 9. Small mangrove island just east of Casuarina Key. 
Station 10. An old spoil island in the Anclote River about 0.5 
kilometer west northwest of the Anclote field station characterized 
by collapsed house and dock. 
Station 11. Dead Fish Pass, north side of the Anclote river just 
east of the cooling water intake canal and dredged basin. 
Station 12. Intertidal zone and below, along the beach, north 
side of the Anclote River adjacent to the USF field station. 
Station 13. Paul's Fish Camp - intertidal zone, including sea-
wall, boat ramp, dock and pilings; oyster bars and intertidal mud 
surfaces. 
Station 14. Mangrove island across the river from Paul's Fish 
Camp, little wave action but mangroves encrusted with barnacles and 
oysters. 
Station 15. Along a seawall on the north side of the Anclote 
River just west of the Alternate 19 highway bridge. 
Station 16. Near the radar station, a narrow, shallow inlet 
well protected from wave action, fringed with mangroves and with 
84 
FIGURE I-D - LOCATION OF THE PRINCIPAL 
STUDY AREAS FOR BENTHIC ALGAE WHERE ® 
COLLECTIONS AND OBSERVATIONS WERE 
MADE REPEATEDLY DURING 1973. A @ @I 
BRIEF CHARACTERIZATION OF EACH @A"'--''-
STATION IS GIVEN IN THE TEXT. 
seagrasses on the bottom. 
Station 17. At Bailey's Bluff, an oyster bar perpendicular to 
the shore and exposed at low tide. 
Station 18. Spartina island at Bailey's Bluff exposed at low 
tides. 
Station 19. Limestone outcroppings in intertidal zone at Bailey's 
Bluff. 
Stations 20, 21, and 22. Seagrass bed areas off Bailey's Bluff 
in depths of three to six feet at mean sea level. 
Stations 23-28. Localities along the estuary side of the chain 
of keys forming the outer boundary (west side) of Anclote estuary. 
Thalassia covered the bottom and red mangroves fringed the shoreline 
at these stations with exposure to wave action light to moderate. 
ALGAL HABITATS 
As indicated in the annual report f0r 1972 (Humm and Hamm 1973) , 
nine algal habitats were recognized in the Anclote estuary as follows: 
1. seagrass leaves; 2. aerial roots of red and black mangroves; 
3. on and at the base of the stems of the salt marsh plant, Spartina; 
4. Oyster bars; 5. intertidal sand and mud surfaces; 6. pilings 
and other submerged surfaces; 7. limestone outcroppings; 8. scattered 
mollusc shells, both dead and living; 9. subtidal unconsolidated sedi-
ments. 
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Aerial Roots of Mangroves. Intertidal aerial roots of red and 
black mangroves provide a substrate for benthic algae that results 
in a unique community. Rehm (1974) studied this habitat from the 
Anclote estuary to the Florida Keys and has shown how this community 
varies in composition from place to place along this 250 miles or 
more of coastline in relation to differences in certain significant 
environmental factors. In the Anclote area, this community occurs 
less frequently than farther south, partly because the mangroves are 
approaching their northern limit, especially the reds, and partly 
because of other factors such as the tidal regime and salinity fluctua-
tions. 
On a world-wide basis, the leading authority on the algal com-
munity of mangrove roots is Dr. Erika Post of Germany (Post, 1963), 
who refers to this community as a Bostrychietum in recognition of 
the genus that is usually dominant, Bostrychia. 
Bostrychia radicans, variety moniliforme, a variety with 
branchlets that end in long, uniseriate tips, appears to be second 
in abundance only to B. scorpioides, variety montagnei, reported last 
year. B. moritziana is also present, but not common, having been 
found on only about ten per cent of the black mangrove roots examined. 
Another red alga, Polysiphonia subtilissima, was found occasionally 
attached to the base of black mangrove roots and to the lowest part 
of red mangrove prop roots during fall and winter, though it is pro-
bably present during spring also. This is the most eurhaline of any 
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species of Polysiphonia of its range, and it is found on mangrove 
roots in shaded places. It apparently is the only species that 
can tolerate being washed with rain during low tide. Acrochaetium 
sagraeanum was found as an epiphyte of mangrove root algae during 
winter months where well protected. 
Although the red algae are apparently dominant on mangrove roots 
in the sense that this term is used in land plant ecology (Oosting 
1948), especially species of Bostrychia and Caloglossa, the blue-
green algae are equally abundant in terms of species in the Anclote 
area. In addition to the previously reported, high intertidal, 
Calothrix crustacea, seven other species have been found: Schizothrix 
calcicola, ~. arenaria, Microcoleus lynbyaceus (as two or more 
ecophenes, Lyngbya confervoides and~. majuscula), Scytonema hofmanni 
(not common), Entophysalis conferta, !. deusta, and Mastigocoleus 
testarum. The latter was found penetrating the bark of mangrove roots. 
Apparently it has been reported previously penetrating limestone 
only. Entophysalis deusta was found only within the shells of oysters 
and barnacles on the roots; Schizothrix calcicola was found both 
within limestone (shells) and free living. 
Green algae constitute a conspicuous element of the algal flora 
of mangrove roots during winter and spring, but during summer and 
fall the members of this group are much reduced. Rhizoclonium 
riparium is present the year around but never very conspicuous; R. 
kerneri is too microscopic to be observed in the field, but is 
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probably present the year around on both red and black mangrove roots. 
Cladophora delicatula and ~. repens are probably year-round, but were 
recorded only during fall and winter. Boodleopsis pusilla characteris-
tically forms a fine mat in the muddy substrate under mangroves, but 
also grows up on the lower parts of the aerial roots. It seems to be 
year-around. The green algae that are conspicuous during winter 
and spring are members of the family Ulvaceae, Monostroma oxyspermum, 
Enteromorpha salina and Enteromorpha species previously listed. In 
general, they appear each year in November, reach a peak of abundance 
between February and March, and disappear or become much reduced in 
April and May. 
Brown algae are least important of the four major groups on man-
grove roots and are almost entirely restricted to the cooler months 
of the year. Ectocarpus siliculosus, Giffordia mitchellae, ~. ral-
Isiae, and Bachelotia antillarum appear in late fall, are most 
conspicuous during winter and spring, and disappear in April or 
May. They tend to occupy the lowest parts of the.roots. 
In general, the algae of the mangrove root community are best 
developed between October and May and are in poor condition during 
the warmer months. In fact, during the summer only bluegreens can 
be found on the more exposed roots. 
Salt Marshes. In addition to species reported in salt marshes 
of the Anclote estuary in the 1972 annual report, these have been 
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found since: Anacystis dimidiata (bluegreen), Loposiphonia sacco-
rhiza, Erythrotrichia carnia (red), Enteromorpha clathrata, ~. 
plumosa (green), Ectocarpus siliculosus and Giffordia mitchellae 
(brown). 
The seasonal change of the flora in salt marshes is similar 
to that of the mangrove roots. In November and December green and 
brown algae develop in abundance, including at least four species 
of Enteromorpha, Ectocarpus siliculosus, Giffordia mitchellae, and 
Bachelotia antillarum (~. fulvescens, the name used in the 1972 
report is a synonym). Dense stands of Spartina provide the shade 
essential to the development of these brown algae in the intertidal 
zone, and the bases of these marsh plants provide the substrate in 
part. They also occur on mollusc shells and on the soil surface 
in the marshes. During April and May, these winter species become 
much reduced in abundance, or they disappear. Enteromorpha in-
testinalis and Ectocarpus siliculosus are absent during the warmer 
half of the year. 
Oyster Bars. Several species have been added to the previous 
report from oyster bars. On the muddy sand substrate surrounding 
certain bars or occuring among the oyster shells, Boodleopsis 
pusilla produced .patches of a low, soft turf and Schizothrix arenaria 
(as the ecophene, Microcoleus chthonoplastes) formed greenish-
black surface layers. Rhizoclonium kerneri was found occasionally 
on the shaded side of shells. Erythrotrichia carnea was an epiphyte 
89 
on large algae. Vaucheria thuretii has been found trapping and 
stabilizing mud and sand on low parts of some oyster bars where wave 
action is reduced. 
Among the species listed in the 1972 report, some were loose 
and drifting but caught on the bars: these included Acanthophora 
spicifera, Agardhiella tenera, Centroceras clavulatum, Champia 
parvula, Digenia simplex, Gracilaria foliifera, Hypnea musciformis, 
Laurencia obtusa, Spyridia filamentosa, and Cladophora fuliginosa. 
Polysiphonia denudata, reported last year, was incorrectly identi-
fied. It is a recently-described species (Wynne and Edward& 1970) , 
P. Boldii. 
Intertidal Sand and Mud. In addition to its presence on 
intertidal muddy sand among oyster bars, Schizothrix arenaria in 
the form of the ecophene, Microcoleus chthonoplastes, was found 
in many areas where there was a protected intertidal beach. Under 
these conditions, this species tends to stabilize the substrate. 
Along mangrove fringes on protected beaches Boodleopsis 
pusilla forms patches of a fine turf-like growth. A coarser sedi-
ment-stabilizing turf was formed by Vaucheria thuretii and ~. 
bermudensis, and Derbesia vaucheriaeformis was often associated 
with these species. The best development of~. thuretii was found 
along the seawall on the north side of the Anclote River on the 
downstream (west) side of the alternate 19 highway bridge. This 
extensive and luxurious turf was completely exposed only on spring 
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low .tides and, as with patches of~. bermudensis, was distinctly 
seasonal, appearing in November and disappearing before mid-May. 
Reproduction was first observed in December and seemed to continue 
until the plants died in the spring. ~. bermudensis, during the 
year and a half that we observed it, appeared in early December 
and disappeared in late March. Reproduction occurred from January 
to March. ~. bermudensis apparently has not previously been re-
ported from the Gulf of Mexico. 
Rhizoclonium riparium is also cornmon on intertidal muddy sur-
faces, often associated with bluegreen layers. Cladophora repens 
is occasional. 
Pilings and Other Submerged structures. Species reported 
from this category of habitat in the 1972 annual report were ob-
tained primarily from wooden and concrete pilings along the 
Anclote River and the channel. Some addition to this previous list 
has resulted from collections made from the rubblestone jetties at 
Howard Park at the south end of the Anclote estuary and from sunken 
wood, trees, tires and other solid surfaces. 
Two additional species of Enterornorpha were found, the tropical 
~. chaetomorphoides and the ubiquitous ~. lingulata. Additional 
red algae include Ceramium corniculatum, ~. byssoideum variety alt-
ernata, ~. fastigiatum, forma flaccida, Polysiphonia subtilissima, 
~. boldii (previously reported as ~. denudata), Herposiphonia 
tenella, Lophosiphonia saccorhiza, and Spyridia filamentosa. L. 
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saccorhiza is tentatively determined as interpreted by Humm (1964) 
and may, instead, be an undescribed species. 
Five species of brown algae were principally or exclusively 
winter and spring plants: Bachelotia antillarum, Ectocarpus 
siliculosus, !. confervoides, Giffordia mitchellae, and G. rallsiae. 
Virtually all the bluegreen algae found in the other habitats 
were also found in this one. Microcoleus lyngbyaceus, Calothrix 
crustacea (sensu Drovet, 1974), Entophysalis conferta, and E. deusta 
were most often encountered. In the report for 1972, the uppermost 
or "black zone" of the intertidal portion of ,this habitat was 
mentioned but the name of the bluegreen alga responsible, Calothrix 
cLustacea, was omitted. 
Two species of filamentous diatoms that resembled small brown 
algae were frequently encountered generally below the intertidal 
zone, species of Melosira and Biddulphia. 
Limestone Outcroppings and Boulders. The limestone outcropping 
in shallow water near Bailey's Bluff at the north end of the Anclote 
estuary was characterized during the summer of 1973 by a heavy 
development of bluegreen algae forming a thick mat over the rocks. 
Microcoleus lyngbyaceus was the principal species in the form of 
the ecophene, Lyngbya majuscula, the coarsest filamentous bluegreen 
in marine waters. It is estimated to have made up about 80 per 
cent of the bluegreen mat. Second in abundance and constituting 
about 20 per cent of the mat was Schizothrix arenaria as the ecophene 
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Microcoleus chthonoplastes. Many other bluegreen species, including 
coccoid forms, were also present. Two green algae, Rhizoclonium 
riparium and Chatomorpha brachygona were occasional in the mat or 
separate from it. In the late summer and fall this limestone out-
crop developed a heavy set of oysters with the result that it now 
supports few algae. 
Low limestone outcrops that existed in former years in the 
estuary between Bailey's Bluff and Anclote Key apparently have 
been covered by current transport of sediments or by siltation. 
Scattered, loose limestone rocks, apparently brought up by 
dredging occur along the channel in the estuary. During the fall 
and early winter of 1973 these supported Enteromorpha clathrata, 
~. intestinalis, E. erecta, Cladophora delicatula, Bachelotia 
antillarum, Ectocarpus siliculosus, and Giffordia mitchellae. 
Scattered Mollusc Shells. Mollusc shells are scattered through-
out the Anclote estuary below the intertidal zone, both dead and 
living. The venus clam, Mercenaria mercenaria, is one of the most 
common dead shells. The bay scallop, Argopecten irradians, is 
at times the most abundant living shell. They occasionally swim 
from place to place. 
Living scallops were abundant during part of 1973 in the 
Anclote estuary, and they developed an algal flora characteristic 
of the area and the substrate. Every shell from half-grown to 
adult size carried a microscopic flora of bluegreen algae, some of 
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which penetrated the shell, some of which ,~ere strictly on the 
surface. 
Probably the most abundant bluegreen was Schizothrix calcicola, 
growing within the shell and imparting a bluegreen tinge, especially 
near the hinge. Schizothrix calcicola also occurs on the shell 
as free-living filaments one to two microns in diameter. Another 
species that bores into the shell was abundant, Entophysalis deusta. 
Mastigocoleus testarum, common in old shells throughout the Anclote 
estuary, was not found in living scallops, probably because it is 
a slow-growing species that becomes evident only in dead scallop 
shells. Microcoleus lyngbyaceus (as the ecophene Lyngbya majuscula) 
and Calothrix crustacea were common on the surface. Anacystis 
aeruginosa, a coccoid, colony-forming species, was occasional. 
Two green algae were found on live scallops. Ciadophora 
delicatula was common and Boodleopsis pusilla was occasional, pro-
bably having grown up onto the shell from the surrounding bottom 
sediments while the animal rested . on the bottom for a long period 
of time. 
Several red algae were common to occasional, especially on 
larger shells and probably shells that had been inactive for some 
time. These included Ceramium fastigiatum, Polysiphonia havanensis, 
Lophosiphonia saccorhiza, Centroceras cla~llatum, Spyridia . 
filamentosa, Chondri a tenuissima, and Digenia simplex. 
All the above listed species were fow1d on non-living shells 
of various kinds. In addition, the following species not 
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previously reported on shells were also found during 1973: 
Schizothrix arenaria (as the ecophene Microcoleus chthonoplastes), 
Enteromorpha clathrata, !. lingulata, Rhizoclonium kerneri, 
Bachelotia antillarum, Giffordia mitchellae, G. rallsiae, Ectocarpus 
siliculosus. 
Subtidal Sediments. Only one species was added during 1973 
to the list of algae gro~ing on unconsolidated sediments below the 
intertidal zone, Halimeda incrassata. It was common in the seagrass 
beds west and southwest of Bailey's Bluff. In September, several 
plants of this species were found to be reproductive, a rather rare 
occurence in Halimeda. 
Loose and Drifting Algae. Along the Florida Gulf coast, many 
benthic algae attach to seagrass leaves, the most abundant sub-
strate in many places, ln some places the only suitable substrate. 
The larger species of algae that attach to seagrass leaves, 
especially members of the genera Hypnea, Gracilaria, Chondria, 
Laurencia, Spyridia, Agardhiella, Dictyota, often break loose from 
seagrass leaves when only a few centimeters tall. In many areas 
these plants drift about in shallow water and continue to grow, 
probably at a normal rate as long as they are not involved in a 
dense mass. In a sense, these drifting algae constitute a hahitat 
comparable to those listed above, and they certainly are significant 
in biomass in the Anclote estuary. Eventually, these loose algae 
accumulate in masses and wash ashore. Some probably drift out to 
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sea and ultimately into water too deep for further growth. 
During winter and spring of 1973, large masses of drifting 
algae were present in the Anclote area. An analysis of this drift-
ing material indicated that about 90 per cent of it consisted of 
two species, Laurencia obtusa, and L. poitei. Digenia simplex 
made up as much as 5 per cent. At times, Sargassum plants made up 
a significant portion of the drift algae. Since this species floats 
(and all other drift algae sink), Sargassum generally does not be-
come mixed with the local drift species until this material is in 
quite shallow water. Following strong southwest winds of consid-
erable duration, the pelagic species of Sargassum were abundant, 
S. natans and S. fluitans. At other times, species of local origin 
that grew attached, probably on rocky outcrops west of Anclote 
Key, were present in the drift, S. filipendula, S. hystrix, variety 
buxifolium, and ~. pteropleuron. 
Sixty-six species of benthic algae were found in the drift. 
Some were epiphytes, some were in small quantity. They are listed 
in Table i.D. A few species were recorded for the Anclote area 
only from this source. 
While the biomass, productivity, and decomposition of drift 
algae at Anclote are of major importance, we were not able to 
obtain biomass data because of the constant movement of these plants 
and the difficulty of sampling. 
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TABLE ID 
Species Stations 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 Drift 
Acanthophora spicifera X 
Acrochaetium sagraeanum X X X 
Acrochaetium sargassi X 
Acrochaetium thuretii X 
Agardhiella tenera X 
Agmenellum thermale X 
Anacystis aeruginosa X X X X X X 
A. dimidiata X 
Anadyamene stel1ata X 
Bachelotia antillarum X X X 
~ 
~ Batophora oerstedi X 
Boodleopsis pusilla x r X X X X X x 
Bostrychia rnoritziana X X X X 
-
~. radicans X X X X X X X X 
~. radicans~. moniliforme X X 
~. scorpio ides var. montagnei X X X X X X X X X X X 
~. tenella X X X 
Calo~lessa leprieurii X X X X X X X X X X X 
Calothrix crustacea X X X X X X X X X X X X X 
Caulerpa ashmeadii X X X X 
TABLE ID (CONT . ) 
Spe cies Stations 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 Drift 
Caulerpa prolifera X X X I 
Centroceras clavulatum X X X X X X I X I 
Ceramium byssoideum X X X X X X X X I X i 
! I 
C. corniculatum X I I I 
-
xl I i C. fas tigia tum E... flaccida X X X X X ! ! - I 
I 
I 
Chaetomorpha brachygona I X I 
C. gracilis X 
-
Chondria baileyana X 
C. collinsiana X 
C. leptacremon X 
-
\0 
(l) C. littoralis X 
-
C. tenuissima X X X X 
-
Cladophora delicatula X X X X X X xl X 
C. 
-
rep ens X X 
CQadophoropsis membranacea X X X 
Cladosiphon occidentalis X 
Codium isthmocladum I X 
Dasya Eedicellata X 
Derbesia vaucheriaeformis X X 
Digenia simElex X X X X 
TABLE ID (CQNT.) 
Species Stations 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 Drift 
I 
I 
i 
Dip10chaete solitaria I I X 
Ectocarpus confervoides X I 
E. e1achistaeformis X 
-
E. si1icu1osus X X X X 
-
Enteromorpha chaetomorphoides X 
E. c1athrata X X X X X X X X X X X 
-
E. compressa X 
-
E. erecta X X X 
-
E. f1exuosa X X X 
-
E. intestina1is X 
-
~ 
~ E. 1ingu1ata X X X X 
-
E. p1umosa X X X X X X 
-
E. pro1ifera X X 
-
E. salina X X X X X 
-
E. salina var. po1yc,ilados X 
-
Entoc1adia viridis I i X 
Entophysa1is conferta X 
E. deusta X X X X X X 
-
Erythrocladia subintegra X X 
Erythrotrichia carnea I x i I ' x X X X I I X _ . _ _ . .1 
TABLE ID (CONT.) 
Srecies Stations 1 2 3 4 5 ~ 7 8 9 10 11 12 13 1& 15 16 17 18 19 .20 21 22 23 24 25 26 27 28 Drift 
Fosliella atlantica X 
F. farinosa X 
-
F. farinosa var. solmsiana X 
- --
Giffordia conifera X X 
Giffordia mitchellae X X X X X X X X 
-
G. rallsiae X X X 
-
Goniotrichum alsidii X X X X 
Gracilaria foliifera 
G. verrucosa X 
-
I-' 
Halimeda incrassata X X X 
0 
0 Herposiphonia secunda X X 
H. tenella X 
Hypnea musciformis X 
H. spinella X 
-
Jania adhaerens X X 
---
J. capillacea 
-
Laurencia obtusa X 
L. Poitei X 
-
Lophosiphenia sacchoriza X X X X 
TABLE ID (CONT.) 
Species Stations 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 Drift 
Mastigoco1eus testarum X X 
Microco1eus 1yngbyaceus X X X X X X X X X X X X X X X X 
Monostroma oxyspermum X X X X X X X X 
Murraye11a peric1ados X X X 
Myriotrichia subcorymbosa X X X X X X 
! 
Nodu1aria harvey ana i X 
I 
Penicillus capitatus I X X X 
P. 1amourouxii X X X 
-
Phaeophi1a dendroides X X X 
~ Po1ysiphonia bo1dii X X 
0 
~ 
P. echinata X 
-
P. havanensis X X X 
-
P. subti1issima X X X X X 
- -
Porphyrosiphon notarisii 
Rhizoc1onium kerneri X X X X X 
R. riparium X X X X X X X X X 
-
R. tortuosum X 
-
Sargassum fi1ipendu1a X 
S. hystrix var. buxifo1ium I X -
S. f1uitans X 
COLONIZATION OF ARTIFICIAL SUBSTRATE 
Knowledge of seasonal settlement and qermination of spores 
of benthic algae in an area, in addition to a recording of the stand-
ing crop, may be of value in characterizinq its flora, especially 
seasonal behavior. Accordingly, artificial substrate of two kinds 
were placed in several habitats and periodi cal records made of 
the species that settled upon them. 
Twenty four concrete blocks and over ]0 plastic strips were 
set out at various stations in December, 1972, and August and 
September, 1973. Collections were made from these blocks and strips 
from time to time, depending upon the grow1:h upon them, in order 
to determine what species were settling at various times of the 
year and to obtain a general idea of the "growth rate of certain 
species. These two types of artificial stll)strate were placed at 
stations 5 to 8 around Casurina Key, station 3 at Bird Key, station 
10 near the partly sunken house on the spoil island in the Anclote 
River, at stations 17, 18 and 19 near Bailey's Bluff, and at 
stations 1 and 2 near the Howard Park rock jetties. The plastic 
strips provided information on the small and microscopic species 
and also the time of settling of large species, since these were 
detectable as germlings. These strips werE! studied under the 
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microscope with the algae in situ. 
In general, both types of substrate were dominated by an 
assortment of bluegreen algae during the summer and early fall. 
During the late fall, winter, and spring these substrates sup-
ported a luxurious growth of all four major groups, but especially 
of brown and green algae. Several species of Enteromorpha were 
often dominant on the concrete blocks. The plastic strips during 
winter and spring supported a heavy growth of Ectocarpus, Giffordia, 
Bachelotia, and several minute species of other genera. 
GENERAL SUMMARY 
Ballantine (1972) reported 66 species of benthic algae plus 
one newly described variety (rather than 65, as reported) 
epiphytic on the four species of seagrasses in the Anclote estuary. 
Sixteen of these species were not found by us in other habitats. 
This paper reports 113 taxa from the various habitats studied 
(110 species and three varieties). Thus there have been 126 
species of benthic algae and four varieties, a total of 130 
taxa, reported for the Anclote estuary. About 50 per cent of the 
species known for the area occur as epiphytes. 
These records of benthic algae in the Anclote area include 
habitat associations and seasonal data. 
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INTRODUCTION 
During July 1973 a program for sampling the macro-epibenthic 
invertebrates was initiated. The results p resented in this report 
are those obtained through January 1974. 'rhe method involves a 
diver who counts all of the visible macro-epifauna within a 
randomly placed "meter square". 
One member of this group of macro-epifauna is the bay scallop, 
Argopecten irradians concentricus. Sastry (1966) has shown the 
bay scallop to be sensitive to high temperatures and rapid change 
in temperature. This sensitivity is increa.sed during periods of 
reproductive activity. Because of this sensitivity and because 
a dense population (up to three individuals/M2) exists in Anclote 
Anchorage, emphasis has been put on the scallop. 
METHODS 
Population Density Counts 
At each of the 16 stations (Figure lE) during the period 25 July, 
1973 through 18 January 1974, at least one set of meter square counts, 
and as many as five sets were taken. The "meter square" is constructed 
of four copper tubes, connected to outline one square meter. In the 
field the "meter square" was allowed to randomly fall to the bottom 
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FIGURE I-E - STATIONS SAMPLED AUG.1973-JAN.1974. 
I 35 (!) 2 (!) 
before counts were made by the diver. The seagrasses Thalassia 
testudinum, Syringodium filiforme, Diplanthera wrightii and 
benthic algae were noted in the order of their abundance . Two 
divers take 10 meter square counts each, totaling 20 counts/station. 
Body Weight indices, Argopecten irradians 
Biweekly samples of 10 scallops have been collected since 
30 August 1973. These scallops were dissected into four parts: 
gills and mantle, gonad, digestive gland, and muscle. Each 
of these was put into a preweighed disposable aluminum pan, 
dried for 48 hours at 600 C in an oven, and weighed again. The 
samples are then ashed at 5500 C for six hours in a muffle furnace 
and weighed again. Gonad indices (wt. gonad/total wt. X 100), 
digestive gland indices (wt. dig. gland/total wt. X 100), and 
muscle indices (wt. muscle/total wt. X 100) were calculated for 
each sample. Station 2 was selected for these collections because 
of high scallop population densities found there (up to three 
individuals/M2 ), and because of the remoteness to the proposed 
effluent. 
Biomass, Argopecten irradians 
Ash free weights which indicate the amount of organic carbon 
present in a tissue were used to estimate the biomass of ~. irradians 
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at Station 2. The ash free weight of the ,:mtire animal was 
calculated by summing the weights of the gills and mantle, 
gonad, digestive glanrl and muscle. The mean value of ash free 
weight/individual was multiplied by the mea.n number of indi-
viduals/M2 to obtain an approximation ·of hiomass (mg. Carbon/M2). 
Histology, Argopecten irradians 
At monthly intervals since 30 August 1973 samples of 10 
scallops have been preserved and sectioned for baseline histo-
logical studies. 
Determination of Movement and Death Rate, Argopecten irradians 
To determine type of movement (directed or non-directed) 
and death rate, scallops were marked with orange paint. Between 
25 October 1973 ~1d 2 November 1973, 400 s callops were marked 
and concentrated around two markers (200/marker). The markers 
were on an East-West line approximately 200 meters apart near 
station 2. A nylon line marked at one meter intervals for five 
meters was extended from each marker in four directions (North, 
East, South and West). At each placement of the line, two divers 
simultaneously (one diver on each side of the line) counted the 
number of marked scallops/M2 at one meter intervals away from 
the marker. 
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RESULTS 
Population Density Counts 
The three species of macro-ep~fauna occurring commonly 
in the meter square counts were Argopecten irradians, Lytechinus 
variegatus, and Styela plicata. Table IE lists all macro-eipfauna 
observed in the counts. 
TABLE IE 
2 Species Observed in M Counts 
Mollusca 
Gastropoda 
Turbo castanea 
Modulus modulus 
Busycon contrariurn 
Fasciolaria tulipa 
Bursatella leachi 
Pelecypoda 
Argopecten irradians concentricus 
Arthropoda 
Crustacea 
Decapoda 
Menippe mercenaria 
Labinia dubia 
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TABLE IE (CONT.) 
Ectoprocta 
Gymnolaemata 
Schizoporella unicornis 
Echinodermata 
Echinoidea 
Lytechinus variegatus 
Mellita quinquiesperfora~ 
Asteriodea 
Echinaster spinulosus 
Chordata 
Urochordata 
Styela plicata 
The 16 stations were grouped into four transects, with two 
additional stations on the West side of North Anclote Key. Table 
lIE shows that the type of dominant grass is related to depth. 
The dominant grass at shallow stations is Thalassia testudinum, 
at mid depth Syringodium filiforme, and at the deep stations 
Diplanthera wrightii. Figures 2E through 5E show the mean number 
of individual/M2 of the three major invertebrates observed over 
the sampling period. 
In transect I (Figure 2E) the dominant invertebrate at stations 
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1 and 2 was A. irradians. The number of individuals/M2 of 
!. irradians, ~. variegatus, and ~. plicata increased from station 
1 to station 2. A dramatic change occurred at the deep station 3, 
where ~. variegatus became the dominant invertebrate. This change 
in dominance was caused not only by an increase in number of 
individuals/M2 of L. variegatus but also by a decrease in number 
of individuals/M2 of A. irradians. At the deep sand station 35 
the number of individuals/M2 of ~. variegatus approached zero and 
A. irradians and ~. plicata were absent. 
Transect II (Figure 3E) again showed A. irradians as the 
dominant species at the shallow station 4, and all three species 
increased between stations 4 and 5. However, at station 5 
~. irradians and ~. plicata were equally abundant. Between station 
5 and the deep station 6, ~. irradians decreased which was opposite 
the trend found in transect I. At station 6 the dominant species 
was ~. plicata. 
Transect IIa (Figure 4E) indicates that ~. plicata was 
the dominant invertebrate at all stations except 6aS. S. plicata 
in this transect also shows trends similar to those found in 
transect I. A. irradians shows trends in this transect similar 
to transect I, but it was never dominant. Trends of L. variegatus 
in this transect resemble those found in transect II. ~. variegatus 
was the dominant invertebrate at station 6aS, with both other 
species reaching values of zero individuals/M2 • 
Transect III (Figure 5E) is considerably different than the 
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TABLE lIE 
Meter Square Count Stations Indica ting Depth, Dominant 
Grass and Dominant Invertebrate 
Depth Dominant Grass 
Transect I 
Station 1- Shallow Thalassia 
Station 2- Mid Depth Syrin9.odium 
Station 3- Outer Grass Margin Diplant.hera 
Station 3S- Deep Sand None 
Transect II 
Station 4- Shallow Thalassia 
Station 5- Mid Depth Syringodium 
Station 6- Outer Grass Margin Diplanthera 
Transect IIa · 
Station 4a- Shallow Thalassia 
Station 5a- Mid Depth Syrin9.0dium 
Station 6a- Outer Grass Margin DiElanthera 
Station 6aS- Deep Sand None 
Transect III 
Station 7- Shallow Thalassia 
Station 8- Mid Depth Syringodium 
Station 9- Outer Grass Margin DiElanthera 
Station 10 and 11 
Station 10- Shallow Thalassia 
Station 11- Shallow Thalassia 
Shallow = 0.5 - 1.0 Meter at mean low water 
Mid Depth = 1.0 - 1.5 Meter at mean low water 
Dom. Invertebrate 
A. irradians 
-
A. irradians 
L. varie9.atus 
L. variegatus 
A. irradians 
A. irradians 
S. plicata 
S. Elicata 
S. Elicata 
S. Elicata 
L. varie9.atus 
S. Elicata 
L. varie9.atus 
L. variegatus 
L. variesatus 
L. varie9.atus 
Outer Grass Margin = 1.5 - 2.0 Meters at mean low water 
Deep Sand = 2.0 - 2.5 Meters at mean low water 
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other three. A. irradians does show -the pattern of a greater 
number of individuals/M2 at mid depth, but values at all depths 
are low. The dominant species at the shallow station 7 was S. 
plicata 2 with the greatest number of individuals/M • of all 
three species, found at any of the shallow stations. The number 
2 
of individuals/M of both ~. plicata and ~. variegatus increased 
between stations 7 and 8, with ~. variegatus being dominant by 
a small margin at station 8. A decrease in number of individuals/M2 
was again seen toward the deep station 9, with L. variegatus being 
the dominant species . 
Transect I was considered the least disturbed of the four, 
because of its distance from the river and proposed effluent. 
Body Weight Indices, Argopecten irradians 
The results of the dried and ashed weights were used to 
indicate the reproductive state of ~. irradians. Temperature 
change was shown by Sastry (1966) to trigger the release of 
gametes in the scallop. In Anclote Anchorage a temperature 
change (decrease) occurred between 2 October 1973 and 18 October 
1973 and at the same time a decrease in gonad index occurred 
(Figures 8E and 9E). Decrease in gonad index was found by Sastry 
(1966) to indicate release of gametes. With the concurrent 
decrease in temperature and decrease in gonad index, release of 
gametes during the period 2 October 1973 thru 18 October 1973 
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can be assumed. 
Increase in gonad index indicates accl~ulation of biochemical 
reserves by the gonad (Sastry 1966). During the period 30 August 
1973 thru 2 October 1973 the gonad index increased (Figures BE 
and 9E) and the weight of the muscle decreased (Figures 6E and 7E). 
Both of these trends indicate that the scallop was putting energy 
into preparation of the gonad for reproduct:ion. 
Shell dimensions (Figure 10E) showed no significant changes 
throughout the study period. This indicates use of energy by 
the scallop for reproduction rather than gro\OTth during that 
period. 
Biomass, Argopecten irradians 
2 Approximations of biomass (mg. Carbon/M ) have been calcu-
lated for station 2 of transect I. Figure lIE indicates a rapid 
decrease in biomass at station 2 during and immediately after 
spawning. The cause of this decrease was not only a result of 
spawning but also a result of the increased susceptibility of 
the scallop to predation, especially by the stone crab, during 
the spawning period. 
Determination of Movement and Death Rate, l\rgopecten irradians 
The 400 painted scallops were checked bTO weeks after being 
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marked~able IIIE.), The majority of the observed scallops were 
found within one meter of the marker and a preferred direction 
of movement was not observed. Although only 179 of the 400 
scallops were found after 2 weeks, approximately 20 marked 
scallop shells (5% of total), were found which had been crushed 
probably by stone crabs, Menippe mercenaria. 
TABLE IIIE 
Direction of Movement of Marked Scallops 
Marker I Marker III 
North East South West North East South West Distance from Marker 
12 10 18 9 16 11 12 12 1 meter 
2 6 9 5 3 3 5 5 2 meters 
1 2 2 7 3 0 1 6 3 meters 
1 1 3 4 4 1 0 1 4 meters 
2 1 0 1 2 0 0 0 5 meters 
94 85 Totals 
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PROPOSED WORK 
Population Density Counts 
The meter square counts will continue as they have been 
described here. Eleven stations (Figure 12E) have been selected 
for monthly monitoring. These 11 stations were selected as 
representative of the 16 stations sampled to date. Trends in 
number of individuals/M2 with respect to depth have been shown 
here. Verification of these trends, and "trends in number of 
individuals/M2 with respect to seasonal changes is expected as 
the amount of data increases. 
Biomass, and Body Weight Indices, Argopecten irradians 
The work in these two areas will continue as it has been 
shown here. Sampling of the small scallops (spawn of fall 1973) 
will begin in February, 1974. Sampling of the 1973 adults will 
continue as long as they are available. " 
Histology, Argopecten irradians 
The samples taken between 30 August 1973 and 18 January 1974 
will be analysed to determine the reproductive state of the gonad. 
Continuation of the sampling will be carried out at biweekly 
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intervals in 1974. 
Growth 
Beginning in February 1974 scallops will be suspended in 
live cages over several location in the anchorage. The scallops 
will be periodically measured (shell dimensions) and returned 
to the live cages. Any difference in growth due to location will 
be observed. 
Predation 
Attempts will be made to discover the major predators of 
the bay scallop in the Anclote Anchorage. The stone crab Menippe 
mercenaria was found to be a major predator (Fall 1973). 
However, several other organisms present in the anchorage may 
be contributing to predation of the scallop. 
SUMMARY 
1. A program for sampling the macro-epibenthic invertebrates in 
Anclote Anchorage was initiated in August 1973. Studies on 
Argopecten irradians were emphasised. 
2. Population density counts hqve indicated a greater number of 
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individuals of each species occurring at the mid-depth 
(1.0 - 1.Sm at mean low water) or at the outer grass margin 
(1.5 - 2.0m at low water) stations. 
3. By the use of body weight indices time of major spawning 
in the Anclote population of Argopecten irradians was found 
to be mid-October. This corresponds to a decrease in water 
temperature in the Anchorage. 
4. A rapid decrease in biomass of Argopecten irradians was 
observed during and shortly after the major spawn in mid-
October. 
5. Marked scallops showed no preferred direction of movement. 
6. A 5% decrease in the marked scallop population occurred 
between November 2 and November 15. This decrease is prob-
ably attributable to the stone crab Menippe mercenaria. 
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INTRODUCTION 
Dredging for cooling water canals began on June 12, 1973 in the 
Anclote estuary and marked the end of the "undisturbed condition", thus 
providing a tangible boundary for baseline data. The pre-dredge data 
is now being analyzed to provide insight into taxonomic composition, 
diversity and abundance of the ichthyofaunal assemblage which charact-
erizes the Anclote fish community. The information will be further 
examined to establish measures of year-to-year variability, size-class 
distributions in relation to habitat and seasonality, and gear relation-
ships with respect to size-classes, diurnal variability and habitat. 
Some initial efforts in these areas have been made (Rolfes, et aI, 1972, 
1973; Fable, et aI, 1973). 
Previous annual reports (Humm, et aI, 1971; Baird, et aI, 1972, 
1973) have defined the collecting methods, sites used, processing of 
samples, and data management techniques. During the pre-dredge con-
dition 838 collections were taken, which contained some 125 species. 
Quantitative data on species occurrence, seasonality, size frequencies, 
diversity and biomass in the Dead Fish Pass bayou, adjacent to the in-
take canal, have been developed, (Fable, et aI, 1973). Studies related 
to fish density, diversity and species composition in the estuary, diet 
of selected species and resources partitioning are progressing and are 
planned for completion in the fall. 
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This report represents a first order analysis of the patterns 
of fish presence in given locations on a seasonal, habitat and diel 
basis with consideration given to variation caused by gear type. 
METHODS 
One hundred seventy-one trammel and 340 trawl collections were 
I 
taken from 4 standard stations, Figure IF and Table IF (Baird, et aI, 
1972). Information from these 511 collections has been partially 
analyzed, and results are contained herein. The sampling period cover-
ed a twenty month interval from October 1971-May 1973. Because stations 
were not sampled each month during anyone calender year, data from all 
months is combined to form a compound year. The data set from each 
month was numbered sequentially 1-11 in chronological order regardless 
of the calendar year in which the data were taken (Table IIF). Present-
ations of yearly temperature variation and seasonal variation of fish 
abundance, and diversity are based on the compound year. Unless other-
wise specified, "year" will refer to the compound year. Typically, each 
sampling procedure occurred over two 24 hour periods and was generally 
completed within two weeks. For each of these two 24 hours periods the 
high and low temperatures recorded, have been abstracted to illustrate 
the temperature ranges. 
Trammel and trawl procedures are described in Baird, et aI, (1972). 
Trammel and trawl collections for each data set have been reduced to 
catch rates by number of individuals and by species, per unit effort, 
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TABLE IF 
Description of Stations 
Depth 
Station (M.L.W.) Habitat Description 
I .7M 
II 1. 8M 
III 1.5M 
IV • 6M 
Shallow Grass 
Flora: Dense mixed seagrasses, Syringodi urn fili forme 
dominant, (60.2% by st.; 1220 emergent stems/M2) 
Diplanthera wrightii, and Thalassia testudinurn 
also present. 
Sediment: Highly organic silt. 
Remarks: This station is in a relatively sheltered 
location south of the river rrouth, and is un-
likely to receive thermal effluent from out-
fall in the Anchorage • . 
Deep Sand 
Flora: At or beyond outer margin of seagrasses, a few 
very sparse patches of Diplanthera present. 
Sediment: Hard sand. 
Remarks: This station is in open water approximately 
Deep Grass 
1 km. from outfall canal and may receive thermal 
effluent. 
Flora: Moderately dense mixed seagrasses. Syringodiurn 
dominant (67.5% by wt.; 548 emergent stems/M2) 
with Diplanthera a strong sub-dominant, (32.5% 
by wt.; 485 emergent stems/M2). 
Sediment: Highly organic silt. 
Remarks: This station is in open water approximately 
.75 km. from the outfall canal and may receive 
thermal effluent • 
Seasonal Grass 
Flora: Seasonally variable with moderately dense Thalassia 
in warmer months, bare sand in colder months. 
Sediment: Sand and shell. 
Remarks: This station is adjacent to Anclote Key and 
is unlikely to receive thermal effluent. 
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TABLE IIF 
Summaries of collections, dates and procedures 
a) Chronological Order 
Data Number of Samples Anc10te Fish 
Set Month Dates Trawl Trammel Collection No. 
1 10-11 26 October - 6 November 1971 31 16 179 - 227 
2 2 2-15 February 1972 32 16 229 - 276 
3 6 13-27 June 1972 32 16 328 375 
4 7-8 24 July - 2 August 1972 30 15 376 - 420 
5 8 24-29 August 1972 30 15 421 - 465 
6 10 9-18 October 1972 32 16 482 - 505, 
507 - 530 
7 :1-12 27 November - 6 December 1972 32 16 566 - 613 
8 1 3-10 January 1973 32 16 625 -672 
9 3 5-15 March 1973 32 16 690 - 737 
10 4-5 23 April - 4 May 1973 30 15 738 - 782 
11 5 20-22 May 1973 27 14 783 - 814, 
816 - 824 
b) Compound year (monthly or seasonal order) 
Data-Set Month Year 
8 1 1973 
2 2 1972 
9 3 1973 
10 4-5 1973 
11 5 1973 
3 6 1972 
4 7-8 1972 
5 8 1972 
6 10 1972 
1 10-11 1971 
7 11-12 1972 
124 
(1 trammel unit = 10 min., 1 trawl unit = 1 min.). The reduced data 
for each collection were averaged per station procedure (day or night) 
and these values in turn averaged for the appropriate analysis. Cal-
culations were made for day, night and total catches to illustrate 
diurnal, as well as seasonal, variability. Fish numbers and species 
abundances in a habitat, by gear type, were calculated on a day, night 
and overall basis by a similar method. 
"When a popUlation is known to be heterogeneous, and when that 
heterogeneity has a bearing on the characteristic being studied, the 
population may be divided into strata and random samples of units 
drawn from each stratum" (Croxton et al~ 1967, p. 26). Since our data 
was known to be heterogeneous with respect to habitat, seasonal, and 
diurnal factors, our strata became that set of procedures within a month, 
station and diurnal period (i.e., either day or night). The standard 
error of the mean for our data was arrived at by use of the formula 
for stratified samples given below (Arkin and Colton, 1971, p. 147). 
S-
x 
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where N= 
N 
si 
N_ 
xSi 
S_= 
x 
total n umbe r samples 
all strata 
number of samples in 
stratum i 
standard error of the 
mean for stratum i 
standard error of the 
mean for stratified 
sample 
This standard error of the mean was then used for calculating the 
measures of variability presented below. 
The relative dispersion as defined below (Spiegal, 1961 p. 73) is 
a method by which the dispersion of dissimilar data may be compared. 
Values were calculated for our seasonal data using the standard error of 
the mean as the measure of absolute dispersion, and the arith.rnetic mean 
as the average. 
Absolute dispersion 
ReI. Disp.= 
average 
The resulting values are presented in Figures 3F and 4F. 
s-x 
-x 
Habitat (station), and other data are also presented with 95% 
confidence intervals indicated. Their calculation was based on the 
above standard error of the mean. (x ±t~ S_) (Steele and Torrie, 1960, 
x 
p. 25). 
RESULTS 
The highest and lowest temperatures noted for each sampling day 
during the 20 calendar month interval are given in chronological order 
(Figure 2F (a) and as the compound year, Figure 2F (b).) Highest day and 
night temperatures were experienced during the summer months of July and 
August; lowest temperatures were in February. The greatest and the least 
diurnal variability were both observed in the winter months with a period 
in early February (data set 2) showing essen-tially no variation, and a 
period in March (data set 9) showing a diurnal range of 4.5°C. 
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Seasonal pattern overall 
Relatively consistent patterns of seasonal and diurnal variation were 
observed overall but differences associated with gear type are noted. 
Greater numbers and species of fish were taken during the warmer months. 
The trammel procedure (Figure 3F) began reflecting this earlier in the 
year, April/May (data set 10), than the trawls, which reflected the in-
crease later in the year (Figure 4F) ,July (data set 3). Similarly the 
decrease in the fall for the trammel procedures occurred between November 
and December (data sets 1 and 7) while the major trawl decrease was be-
tween December and January (data sets 7 & 8). Maximum number of fish per 
unit effort by trammel procedure was 8.7± .76 in June; maximum number of 
fish per unit effort taken by trawls was 17.6 ± 4.4 in August. Maximum 
number of species per unit effort taken by trammel was 1.7 ± .22 in 
July/August and maximum number of species per unit effort by trawl was 
2.6 ± .29 in August. The least numbers and species of fish taken by 
trammel was in December whereas March reflected the fewest numbers and 
species taken by trawl methods. 
Diurnal components within seasonal pattern 
More fish by numbers and species were generally taken at night than 
during the day. This trend was conspicuously evident in trawling pro-
cedures where night-time catches were almost invariably higher throughout 
the year (Figure 4F). Night-time catches by numbers and species were 
often more than twice the day-time catches, especially during the summer 
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and fall months. Trarranel procedures also in.dicated higher catches by 
numbers and species at night but comparisons with day-time catches were 
not as dramatic and are in a few cases reversed (Figure 3F). 
Again, summer and fall months yield greater catches by numbers and 
species. However, the trawl data shows the night catch rates generally 
increasing through December (data set 7) and returning to lower values 
by January (data set 8). 
Station (habitat) patterns, overall and diurnal 
Each station (habitat) generally exhibits a trend of greater numbers 
and species during night periods as reflected by both trammel and trawl 
procedures (Figure SF). Only Station II exhibited lower numbers of fish 
caught at night by the trammel procedures, albeit with greater numbers of 
species taken during night hours. The trawling data displays a greater 
difference between night and day numbers and species of fishes whereas 
trammel data shows a closer relationship between day and night catches. 
The highest number of species yet lowest numbers of individuals taken 
by the trammel net at Station III, while Station II exhibited the opposite 
pattern. 
DISCUSSION 
The general patterns of seasonal abundance and marked diurnal diff-
erences are not unexpected and have been observed in various studies. 
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Reid, (1954) at Cedar Key and Springer and Woodburn (1960) in Tampa 
Bay observed seasonal patterns, while studies as diverse as those of 
Emery (1973) in Ontario Lakes and Collette and Talbot (1973), Bardach 
(1959) and Starck and Davis (1966) on coral reefs, all indicated pro-
nounced differences between diurnal and nocturnal faunal distribution 
and activity. Attempts have been made to correlate short term move-
ments of fishes with the fluctuations accompanying changing seasons, 
such as salinity, temperature, and resultant bio-phenomena, including 
the availability of food, predation and other ecological relations (~.~., 
Reid, 1954, Tyler, 1971). The limits of seasonal variation in the estuary 
are incompletely defined due to shortcomings in sampling methods, ~.~., 
sampling is not conducted under the full range of environmental con-
ditions occurring in the estuary. For instance, the lowest temperature 
recorded in the compound year was 140 C in February 1972, however, recent-
ly temperatures as low as 70 C were observed in the estuary and were asse-
ciated with very low catches. During cold weather fish move to deeper 
waters which may be warmer than surface waters and are certainly less 
subject to such rapid fluctuations. Greater numbers and species of 
fish taken at night maybe a result of increased feeding activity 
especially on the inshore flats. For instance, there were high numbers 
and species of fishes taken at the higher productivity grass stations 
(I,III) as compared to the sand station (II). The relatively high day-
time catches at Station II may be the result of schooling, pelagic 
fishes. 
Differences in catches due to gear type may be explained by the 
different strategies behind each method. Trammel nets are designed to 
remain relatively immotile and to sample the water column whereas trawls 
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are drawn across the bottom and capture those fish which are unable to 
escape the net. What attraction or avoidance factor a trammel net already 
laden with catch has on other fish is uncertain. 
At present the data represent the necessary background material for 
comparative purposes in evaluating environmental impact (Tyler, 1971). 
SUMMARY 
1. Over a 20 month period, from October 1970 - May 1973, pre-dredge 
sampling using trammel and trawl procedures was conducted at four 
stations. 
2. All samples were compounded into one twelve month period. Highest 
water temperatures were observed in July-August (data set 4) with a 
maxima of 30.2°C and minima of 28.S oC. Yearly lows occurred in 
February (data set 2) with a minima of l4.SoC and the greatest temp-
erature fluctuation in March (data set 9) with a range of 4.SoC. 
\ 
3. Patterns of fish abundances indicate gr,~ater numbers and species of 
fish are taken from late spring to mid-fall and more numbers and 
species of fish are caught during night hours. 
4. The least numbers and species of fish are caught over the sandy-
bottomed habitat whereas greater numbers and species are caught in 
the more complex environs of dense, mixed seagrasses. 
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SUMMARY AND CONCLUSIONS 
1. Values of near-bottom vector irradiance were never found to be 
below 6% of their surface values during dredging. Photosynthesis 
was probably reduced but was well above presently defined com-
pensation depth levels. 
2. Temperature patterns indicate significant solar heating in the 
shallows with gulf water and deeper portions of the river and 
anchorage remaining cooler. 
3. Longshore and onshore currents are coherent with wind direction 
and can be quite significant (15cm/sec) in magnitude. 
4. Wind-driven circulation is the major factor driving north/south 
currents. 
5. Observations of dredging and turbidity in Anclote anchorage 
indicate that silt curtains may be effective under certain 
conditions and that in all cases they are probably better than 
unrestricted dredging. 
6. Transmissivity data indicate high variability in turbidity with 
clearer water over the grassbed areas. Turbidity plumes usually 
trended in a roughly north-south direction and occasionally 
extended for long distances. Sea surface transmissivity was 
observed to be uniformly extremely high (ca 90%) during the 
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January survey. 
7. Foam derived from a Florida Power dredging operation transported 
appreciable quantities of sediment into the anchorage in a 
relatively short time. 
8. Sediment temperatures, to a depth of several centimeters, were 
within O.SoC of those in the overlying water column. Changes 
in water: temperature were reflected quickly by changes in sedi-
ment temperatures in the porous, permeable sands of the anchor-
age. To a depth of at least 10 cm sediments and their infauna 
at the Anclote Power Plant site may be expected to be subjected 
to temperatures closely approaching the temperatures of the 
discharge which is flowing over them. 
9. One hundred twenty-nine species of phytoplankton were found in 
Anclote surface waters which were sampled monthly in 1971 at 
7 locations. Most of the species diversity was contributed by 
benthic diatoms. Three planktonic and 7 benthic diatom species 
were found in every sample taken in 1971. The average number 
of species indentified in collections from the Gulf, Anchorage, 
and River were 33, 30 and 3S species, respectively. 
10. The annual maximum in cell numbers and biomass at most locations 
occurred in the period of June - September, the season of 
maximum insolation, water temperature, runoff and nutrient con-
centrations; a secondary biomass peak at most stations occurred 
in February or March. The principal winter biomass species was 
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Rhizosolenia; the dominant summer form was S. costatum. Six other 
species also contributed significantly to biomass in the summer 
months. 
11. Average cell concentrations for 1971 in the Anclote Anchorage, 
River and the Gulf were 370, 367 and 178 X 106 1m3 , respectively; 
average biomass values were 213, 153 and 97 mg C/m3 for these 
areas. Chlorophyll a + phaeopigment concentrations in the river 
(13 mg/m3) were nearly double those in the Anchorage (8 mg/m3) 
and Gulf (7 mg/m3). 
12. Phytoplankton abundance (cell numbers) in Anclote surface 
waters in 1971 was greater than that recorded for the central 
Gulf (September, November, December) and outer West Florida 
shelf, but less than that recorded for Crystal River (December) 
and the upper reaches of Tampa Bay. 
13. There have been 113 taxa of benthic algae from various benthic 
habitats reported at Anclote. Records of benthic algae, habitat 
associations and seasonal data are discussed. 
14. Preliminary results of a program for sampling macro-epibenthic 
invertebrates was initiated. Data on population density, bio-
mass, histology and determination of movement of the bay scollop, 
Argopecten irradians are presented. The bay scollop has been 
shown to be particularly sensitive to high temperatures and rapid 
rates of temperature change. 
135 
15. Marked differences in patterns of seasonal and diurnal variation 
were observed in the ichthyofaunal survey. More fish by numbers 
and species were generally taken at night than during the day 
and in summer-fall as opposed to winter. 
16. There was a strong habitat component to catch results regardless 
of gear used. The least numbers and species of fish are caught 
over the sandy bottom habitat whereas greater number and species 
are caught in the more complex, dense seagrass beds. 
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